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PREFACE TO THE REVISED EDITION 


Till*: writing of this hook original!) involved the tandem arrange¬ 
ment of tin* twenty-six letters of our alphabet, in varying sequence 
along pri tiled linos which, if placed end lo end, would actually 
extend nearly two miles. Il was to he expected that observant 
travelers up and down this printed highway would discover that 
some of the letters were out of alignment. As a result many of the 
minor suggestions that have come from persons who have explored 
these pages have been duly incorporated in the text during the 
course of tlx* eleven reprintings that have been made, but it is felt 
that now, after more than a decade, the lime has come for more 
drastic changes and the addition of new material. 

The story of the vertebrates, who by I lie way are our nearest of 
kin, is by no means finished, for counties unfolding episodes 
dealing with the perennial charm of living things xtill await the 
telling. 

The present revision involves the addition of ninety-three pages 
and more than eighty new illustrations, while the entire text has 
been painstakingly rewritten with due regard to helpful suggestions 
from many friends. My wile, Alice Hall Waller, and my niece, 
Dorothy C. Walter, have faithfully helped throughout the making 
of the book, and Dr. W. D. Sargent, with his clever pen has con¬ 
tributed a considerable number of new pictures. 

It is hopefully believed that the premedical student who mulls 
over the facts compiled herein will lind himsell better able to 
undertake the more advanced studies which are indispensable today 
for a successful medical career. The writer would be particularly 
gratified and amply rewarded, moreover, if in looking through these 
pages the general reader also, who is not, immediately concerned 
with the practical application of biology to medicine and surgery, 
should catch some glimpse of the vision of creation that, unrolls 
before the eves of the comparative anatomist, 

11. E. W. 

Phomdev i,, R. I. 

April, 1Q2I 



PREFACE TO THE FIRST EDITION 


Thk following pages are the outcome of over twenty years of 
teaching Comparative Anatomy of Vertebrates to premedical stu¬ 
dents and others. The “others” have crowded more and more into 
(lie picture, for while it is universally granted as essential that 
medical students should lay a linn biological foundation, it is not 
so generally realized that it may not be amiss for Everyman to 
gain some inside information about the “fearfully and wonderfully 
made" human mechanism, and how it came to be. 

The book is divided into ihree parts. 

Part One furnishes a necessary setting or introduction for the 
other two by emphasizing some of the outstanding features of 
various sister biological sciences most intimately related to Com¬ 
parative Anatomy. They are Taxonomy, Chorology, Palaeontol¬ 
ogy, Anthropology, Cytology, Histology, Embryology, and Path¬ 
ology. The reason that Physiology is not specifically included in 
this review of cognate fields of study, is because it was found to 
be neither desirable nor possible satisfactorily to consider the 
function or physiology of the animal mechanism apart from its 
structure or anatomy. Hence the more general term of Com¬ 
parative lliolot/y, which includes somewhat more than the bare 
morphological aspect, of the matter, appears upon the title page 
in preference to Comparative \nalomy, since it, more nearly ex¬ 
presses the point of view employed. 

In Part Two are grouped chapters dealing with the mechanisms 
of metabolism amt reproduction , including the integument, systems 
of digestion, circulation, respiration, excretion, and reproduction, 
together with the glands of internal secretion. 

Part T1 tree is concerned with the mechanisms of motion and 
sensation, which may be regarded as particularly characterizing 
animal organisms. 

It is expected that practical laboratory work upon various 
typical vertebrates will accompany the theoretical presentation 
of matter in the book. There has been no attempt to combine 
the two. since numerous excellent manuals and guides for dissec¬ 
tion are now available. The author has found that the dogfish, 
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mud puppy, turtle, and white rat are the most useful and avail¬ 
able forms to employ in these essential confirmatory exercises. At 
Brown University the students entering the course in Comparative 
Anatomy of the Vertebrates have already had a laboratory initi¬ 
ation with various invertebrates, the frog, and embryo pig. 

There has been no determined attempt to avoid scientific names 
or technical terms in the text., whenever they are useful, and fur¬ 
thermore, that lazy man's device, a “glossary," as well as an 
extended bibliography of source materials, which would pad 
pages already corpulent, has purposely been omitted. A glossary 
has been omitted as it is assumed that the reader lias aecess to a 


dictionary and is not indolent. As all technical terms arc usually 
defined whenever first introduced, the index in most cases of 
doubt should satisfactorily guide the inquiring student to desired 
information. In the bibliography only a few outstanding books 
are mentioned and no attempt is made to eite the very many 
original papers involved. The student who lias occasion to go 


back to such sources will find excellent lists in several of the books 


named, and will no doubt, be advanced and resourceful enough to 
obtain whatever he wants without gratuitous assistance of this kind. 
The author confesses a fellow feeling in this matter of unasked for 
student aid for one Mr. (leorge Baker, a contemporary of Shake¬ 
speare, who retained the ponderous Latin names of the herbs 
described in a foreign medical book which he translated into 
English, holding that it would do his readers good to look up the 
English equivalents, for, as lie naively wrote in his preface: “I 
would not have every ignorant asse he made a chirurgeon by my 
booke." In any case it is the pursuit of knowledge rather than 
the final possession of it that, is the chief delight of the scholar. 
If it. were not for this fact, there would be little excuse for, or 
satisfaction in attempting to make a book of this kind, which at 
best represents only a passing and incomplete picture of a changing 
body of knowledge. 

The numerous illustrations, which the, generosity of the pub¬ 
lishers has made possible, have been gathered together from many 
sources. For the most part they have been redrawn or adapted 
from other pictures already published, in which case the source 
is indicated and for which grateful acknowledgment, is hereby 
made. Many of llie cuts from The Human Skeleton and Genetics 
by the author, as well as three figures from llegner's College Zoology> 
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through the courtesy of The Macmillan Company, are used here 
again. 

In preparing the pictures, aid was furnished by Miss Martha 
Whit marsh. Miss Dorothy Walter, Mr. Harold Meyers, Mr. Joseph 
Kostecki, Professor J. Walter Wilson, and particularly by Miss 
Dorcas llager. Professor Wilson has also critically read the 
entire manuscript, and Professor A. D. Mead some parts of it. 
The sympathetic insight and friendly suggestions of these two 
colleagues of many years has been a constant stimulus and support 
throughout the whole undertaking. Professor W. W. Swingle has 
cast a helpful eye over Chapter XVI. My niece, Miss Dorothy 
Walter, has given much expert assistance at all points in preparing 
the manuscript and reading the proofs, while the literary debt of 
long standing and increasing magnitude which I owe to my wife. 
Mice Hall Walter, is so great that there is no hope of ever dis¬ 
charging it. 

If all the suggestions and criticisms from Ihese various quarters, 
together with those of several other unnamed but appreciated 
contributing friends had been faillifully followed, this would no 
doubt l)e a better book. The responsibility for the volume as it 
stands, however, will) its inevitable shortcomings, rests entirely 
upon my own shoulders. 

To all the immediate helpers mentioned, as well as to the long 
line of biological workers, both obscure and famous, whose dis¬ 
coveries and ideas are our intellectual heritage today, T wish to 
acknowledge my great, indebtedness. Last, but by no means 
least, I hereby express my sincere thanks to the stimulating young 
men and women, who for so many years have allowed themselves 
to be practiced upon in my classes. 

II. E. W. 
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CHAPTER I 


INTRODUCTION 
I. Type Study 

No one knows how many different kinds of animals there are 
living today. When Aristotle (384-322 b.c.) wrote the first History 
of Animals he succeeded in rounding up only about 500 species in 
spite of the fact that Alexander the Great, his famous pupil, gave 
Bpecial instructions to his conquering armies to aid in collecting 
from the ends of the earth information about foreign animals which 
his old master so eagerly desired. 

Since Aristotle’s day explorers have stretched the horizon that 
then shut in the Mediterranean world, until now even Darkest 
Africa has been entirely criss-crossed, both poles have been tram¬ 
pled upon, and no considerable corner of the globe anywhere, on 
land or sea, is left from which authentic tales of animal life have 
not been brought back. 

Authorities of the British Museum estimate that upwards of 
600,000 species of living animals, of which 55,000 probably 
are vertebrates, ar'e known to science, and in addition fossil re¬ 
mains of many more extinct animals that have no living repre¬ 
sentatives. As long ago as 1890, according to Ward, the manuscript 
catalogue of known plants at the Kew Gardens weighed over a ton. 
The inquirer who would be informed about the different kinds of 
living things might well be appalled at the prospect of passing in 
review within a single lifetime of study even a tithe of this wealth 
of animal and plant life. 

John Malpet, who in 1567 wrote one of the first “natural his¬ 
tories” in the English language, started his treatise with the hope¬ 
ful sentence, “Let us begin alphabetically with the adder.” There 
is an easier way out of the situation, however, than by John Mal- 
pet’s alphabetical method. Even Aristotle recognized in the make¬ 
up of animals a unity of plan by which they could be placed in 
natural groups so that acquaintance with a single representative 
of a group would give a considerable working knowledge of all 
other kinds within that particular group. Familiarity with the 

3 
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mechanism and behavior of a house cat, for example, gives one a 
good idea of all other kinds of cats, such as lions, tigers, lynxes, 
leopards, ocelot s, jaguars, wildcats, pumas, cheetahs, and panthers. 
Jn fact much of the fascination that goes with the study of biology 
lies in recognizing resemblances and dillerences between various 
sorts of plants and animals. 

Although the number of kinds of plants and animals is very 
great, the different general types or plans of structure are relatively 
few, so that the student, by using the type-study method of sampling, 
may set out confidently and with a brave heart upon the ambitious 
quest of intellectually conquering all creation. 

Limiting the survey solely to animal life, a list of the chief types 
of animals comprises: protozoa, coelentkrata, echinoder- 

MATA, PLATYHELMINTHES, NEMATHELMIIMTHES, ANNULATA, AR- 
THROPODA, MOLLUSC A, aild CHORDATA. 

11. Comparative Study 

Of all animal types the chordaie type is of most immediate inter¬ 
est, since it includes man. Many of the riddles connected with that 
much studied animal find their solution in the lower forms. 

For instance, t lie parietal body , a conical projection about the 
size of a cherry stone, is buried between the lobes of the human 

brain. Its origin and use baffled 
anatomists for centuries until 
Baldwin Spencer in 1886 dis¬ 
sected a New Zealand lizard, 

Fig. 1.—A primitive New Zealand *S phenodon (fig. 1), by some 
lizard, & phenodon. (From Hilzheimer, called a “living fossil.” He 

after Berg.) discovered that in the chordate 

type, the “parietal body,’' or a part arising from it, is simply a 
degenerate median eye since in I Ins curious primitive reptile it 
reaches, with retina and nerve complete, all the way to a trans¬ 
parent window in the roof of the skull and, in early life at least, 
may function as a third eye. 

It is entirely true that often more may be learned of human de¬ 
velopment and structure by the intelligent examination of a dog¬ 
fish, or some other lowly vertebrate, than by the direct study of the 
human body itself. This is due not so much to the greater avail¬ 
ability of lower animals for dissection and experimentation, as to 
the fact that they furnish sidelight stages through which the human 
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body has passed in arriving at its present degree of complexity, and 
thus give a clue for interpreting the why and wherefore of the 
“fearfully and wonderfully made'’ human mechanism. Herein lies 
the value of the study of comparative biology . 

The indirect path has thus been often the shortest cut to un¬ 
expected attainment in the history of science. Inquisitive Ben 
Franklin, out in the thunder-storm with his key and kite, took the 
first step towards harnessing electricity; the Frenchman Daguerre, 
trying to discover some way to clean tarnished silver, blazed a path 
which has become a broad highway in photography and the colossal 
motion-picture industry; Alexander (iraharn Bell, attempting to 
aid the deaf to hear, led to the invention of the telephone; 
Joseph Cushman, with insatiable curiosity about the variety of 
forms of microscopic shelled protozoans, hit upon a way to tell 
those who bore for oil when they were on the right track; while 
Pasteur, a thinking chemist interested primarily in the apparently 
remote subject of the shape of crystals, laid firm foundations for 
the far-reaching developments of bacteriology and modern medi¬ 
cine. 

When such facts as these are recalled, nothing about the struc¬ 
ture or activities of any animal, however familiar or strange, be¬ 
comes insignificant or trivial to the seeker after truth concerning 
man. 


III. Essential Features of Every Animal Type 

Every form of life, whether plant or animal, must possess machin¬ 
ery of some sort for accomplishing t wo fundamental t hings, namely, 
metabolism and reproduction. 

Metabolism includes all activit ies that concern the upkeep of the 
individual, such as the intake of energy by way of food, its release 
in the form of action which constitutes “living,” and the disposal 
of waste products incident thereto. 

Reproduction provides for the continuation of the species upon 
the earth, often at the cost of the individual life. 

The former function may be designated as selfish and egoistic, 
the latter as unselfish and altruistic. 

A typical insect, for example, is made up of three easily distin¬ 
guishable regions, in order of relative importance, the abdomen, 
thorax, and head (Fig. 2). In the large abdomen is lodged the prin¬ 
cipal machinery for metabolism and reproduction, that is, most of 
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the digestive apparatus, the respiratory, excretory, and circulatory 
Tnachinery, and the reproductive organs. 

The thorax is devoted primarily lo locomotion, furnished as it is 
with three pairs of legs and usually with two pairs of wings together 
with tlie muscles necessary to work them, and is thus enabled to 
transport the important abdomen to places where it can selfishly 

procure energy-producing food and 
unselfishly provide for the next gen¬ 
eration finally, there is the head, 
with its halier^ of directi\e sense 
< organs and a eon I rolling brain, w Inch 
tells the thorax and abdomen where 
lo go and what to do upon arri\al. 
Many animals get along comfort¬ 
ably without a head or locomotor 
devices but none can dispense with 
the all-important abdomen or some¬ 
thing corresponding to it. Even in 
man that crowning glory, the head, 
which he is quite apt to regard as 
important, as well as the locomotor 
legs, becomes quite subsidiary when 
the trunk, that corresponds to the insect's abdomen, sends out the 
imperious call of hunger or of se\. 

The function of metabolism is usually accomplished in a different 
way by animals than it is in plants, with the result that most plants 
remain stationary, while most animals move about. The reason 
for this dillVrence lies in the fact. that, green plants possess the 
power, in the presence of sunlight, of building up their foods out of 
universally distributed materials, such as carbon dioxide in the air, 
water, and various inorganic compounds in the soil. No animal can 
do this, so it comes about that all animals must lind their energy, 
either directly or indirectly, in the stored supply already raptured 
by green plants from t he sun. This is w hy most animals are forever 
fated, like the Wandering Jew, to be travelers, a condition which 
necessitates in animal types some adequate device for locomotion, 
and consequently an accompanying directive sensory equipment. 
The fact that certain animals like oysters and corals are sedentary, 
is the exception to the rule. “Their strength is to sit Still.” Even 
in the case of these animals the indirect dependence on green plants 


Fki. '1 —A typical inject, 
showing llie / ifxlomcn , all-impoi- 
tant as I in* chid’ r< ton ol nirtah- 
olism and icprndi ( lion, the loro- 
motor thorax, ant the dirertnr 
head. 




INTRODUCTION 


7 


is quite as complete as among 1 locomotor forms, since they feed 
upon microscopic green plants that form the floating meadows of 
the ocean, and in consequence have developed secondary devices 
lor bringing this floating food to them. 

IV. Symmetry 


The science of I he form and shape of organisms is called Mor¬ 
phology, a term coined by I lie man)-sided (loathe in 1817. 11 is 
closel) related to the mathematical science o (Solid (iconicIry, with 
the difference (hat the mat hemal ician has lit lie occasion lo inquire 
why one figure is a cube and another a sphere 1 except to determine 
the relation of the different dimensions to each other, while the 
biologist is conslanti) being challenged lo explain ichy each organ¬ 
ism is shaped as it is, in relation to the particular life that it leads. 
M oreover, the shapes and forms with which the geometrician deals 
are arbitrary creations of the human mind, not particularly related 
to the environment, having no modifying past and no forward look 
to a future in which modifications may take place. The forms of 
animals and plants which a biologist considers are the products of 
an actual historical sequence that, has taken place, of ancestral 
shapes that have in succession all left, their determining impress. 

There are no animals with less than three dimensions, although 
some of the lower forms are so small and thin as to necessitate very 
delicate instruments to determine their length, breadth, and thick¬ 
ness. 

Three fundamental shapes and forms are recognized and, as a 
result, three general types of symmetry, namely, spherical, radial, 
and bilateral. Kach of these types may be camouflaged in various 
ways by secondary modifying qualifications. 

Spherical symmetry in organisms is rare. If is to be found only 
among microscopic animals, such as the Hcliozoa, or “sun animal¬ 
cules" of the protozoan t ype which float without contact with any¬ 
thing solid, surrounded by water on all sides. Many floating ani¬ 
mals. on the other hand, become attached, during a part of their 
life at least, and lead a sedentary plantlike existence. Such an¬ 
chored animals are usually headless, and frequently develop a 
crow n of radiating arms or tentacles that enable them to reach out 
in every direction to explore as far as possible their immediate 
neighborhood. This headless plan is the radial type of symmetry , 
whirli in general is characteristic of trees and other stationary 
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plants, as well as of attached or sessile animals, whose food is 
brought to them floating in water. 

On land, where food does not float in a transporting medium, 
animals have to travel to obtain it when they are hungry. This has 
made necessary a directive head. Although a head end is character¬ 
istic of certain water animals such as fishes, it becomes an absolute 



Fi<;. 3. - -The planes of symmetry in bilaterally symmetrical animals, with 
the resulting regions. S.P, sagittal plane; F.l\ frontal plane; T.l\ transverse 
plane; B, right; L, left; D, dorsal; V, ventral; anterior; 1*. posterior. 


necessity for locomotor land animals. W henever an animal moves 
persistently in one direction with reference to its own body, in 
other words whenever a head end is established, bilateral symmetry 
results, and a stagnant life of watchful waiting ceases. The body 
presenting this type of symmetry may be divided into halves by 
means of three planes which can be arranged with reference to 
length, breadth, and thickness. 

In radial symmetry, on the other hand, the number of planes 
dividing the animal into similar halves is practically infinite, like 
the number of ways in which a sphere may be sliced into hemi¬ 
spheres. 
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The three planes (Fig. 3) bisecting length, breadth, and thick¬ 
ness divide any head-ended animal in to definite regions, very useful 
as landmarks in description, as follows: 

Sagittal plane dividing the body into right and left halves; 

Transverse plane dividing the body into anterior and posterior 
halves; 

Frontal plane dividing the body into dorsal and ventral hal\es. 

The sagittal and frontal planes are so-named because of certain 
sutures in the human skull with which they coincide. It is obvious 
that upright man moves forward with the ventral body-half in 
front, instead of the anterior body-half, because he is a head- 
ended, bilaterally symmetrical animal tipped up on end. 

V. "N EKTEBIIATK ( <HAR ACTKMSTICS 

In the vertebrate or craniate t ype there are certain distinguishing 
features that serve to mark off this type from all others. Of these 
the most diagnostic are the following: 


I. A UMNO ENDOShKLKTON 

The skeleton, primarily a dorsal axis or vertebral column to 
which other parts are attached or by which they are supported, is 
inside of the body. It is easier to carry an inside skeleton than one 
borne outside like an armor after the manner of crustaceans and 
mollusks. Since such a framework is made up of living tissues that 
continue to grow', it is able to meet the demands for an adequate 
scaffolding in a body of increasing size. The secreted outside armor 
that imprisons non-vertebrates is a lifeless structure which does not 
allow for extended growth. A clam, lobster, or an insect could by 
no stretch of the imagination become as large as an elephant, 
whale, or dinosaur. 


2 . NOTOCHORD 


Not every vertebrate has a “backbone” made up of separate 
bony elements, or vertebrae, as the name “vertebrate” indicates, 
but all possess, at least early in life, a dorsal axis of special histo¬ 
logical formation called the notochord , which no non-vertebrate has. 


3. A SINGLE, TUBULAR, DORSAL NERVE CORD 

The central nervous system extends along the dorsal side of all 
vertebrates in the form of a single tube, a result brought about by 
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I Ik* manner of its development (Fig. 1). This tube has a hollow en¬ 
largement al I ho anltTior end known as Ihe brain. In non-verte¬ 
brates the corresponding central nervous s>stem is a solid instead 
A B of a tubular structure and frequently is a 

double strand rather than single as in 
vertebrates. 

4. \ POST-AN\L TAIL 

\ trie* tail mav be delined as a con- 
linuation of Ihe bod\ avis posterior to 

the anal evil of the food lube. That part 

l*u.. 1 Siic«'(NM\csiap*s 0 |- a | 0 | >s j (T f OI - example, which is sorne- 
iii I tic* migration ol outsiijc . . 

lisMirs !«> n,r insidr. \. t,N t lines erroneously called the tail, is 

in\ion; l>, h\ detain- not a true tail at all, but the abdomen, 

,I,J,hon * since the anus opens at the end of it. 

hach vertebrate has a true, tail, either throughout life or ern- 

br>onieall\ and ancestrally. Fven tailless man has in his early 

fetal stages an unmistakable tail (Fig. a), and there are numerous 

well-authenticated cum vs reported in 

modi* a! literature of human tails that 

persist beyond embryonic life. 

m;\i:u moul than tv\o twins 
of .\m-:M)\(;i;s 


Myriapods, or ‘'thousand-legged 
worms.” do not have as many legs as 
their name implies, but lhe> have a 

huge number. Other bilaterally s\m- fa; > L«U(tji 1 view ol a 

, . 1 young liurnaii cnmrvn show- 

metrical invertebrates, such as marine j n ^ r , ai | (AI'Iit Kckcr) 

annelid's and crustaceans, have a valu¬ 
ing number of paired legs, while spiders and their allies are 
reduced to four pairs and the great group of inserts Lo three 
pairs, usually with additional wings. Aerlebrates alone are limited 
to two pairs. This is a reasonable and logical arrangement be¬ 
cause four legs furnish the most edicient and economical sup¬ 
port for any sort of an elongated bilaterally symmetrical object, 
such as a table-top, a bedstead, or a horse. Exceptions are cer¬ 
tain Devonian sharks, and those imaginary beings pictured by 
artists of the olden days who painted a pair of gratuitous wings 
on the shoulders of their canvas angels. Certain vertebrates, it is 
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true, have lost one or the other of (heir pairs of appendages. 
Snakes, for example, have lost both pairs. 

ft. MOUTH CLOSED BY A LOW UR JAW 

The mouth, or anterior opening to I he food tube, is closed in 
various ways. In Hydra and some oilier primitive forms without 
jaws, the mouth is simply a puekerable hole. When jaws are 
present they may be arranged in a circle, as in some sea urchins, 
closing (he mouth centripet ally, or they may lie side by side as in 
arthropods, closing the mouth laterally, or finally, there may be a 
binged lower jaw, closing the mouth by lifting up, as in vertebrates. 


7. PIIARA NUEAL BKEATIIIMi l)K\ ICE 

Fishes have several porthole-like passage-ways, or gill slits, 
penetrating through the lateral walls of the food tube on either 
side of its anterior end. Within these gill slits in water-dwelling 
chordal.es hang feathery tufts of capillaries, or gills, which rob the 
circulating water of some of iis dissolved air, thus accomplishing 
the function of breathing. 

(Jill slits, or I races of them, are present, at least in embryonic 
life, in all chorda tes, wind her dwelling in water or out of it, and 
even in birds, reptiles, or mammals which never breathe by means 
of gills. Whenever breathing is accomplished by lungs, such organs 
develop as side alleys from this same anterior pharyngeal region of 
the food tube when 1 the gills originate. No invertebrate breathes 
in this way, although many kinds of animals employ “gills'* of 
various sorts. Pharynyeal tfills and yill slits, or traces of them, are 
peculiar to cliordates. 


«. AlOINTRAL HEART 

The heart, which is the headquarters of the circulatory system, 
is ventrally located in vertebrates. In other animals, when a heart 
is present, it is on the dorsal side of the body. 

9. CLOSED BLOOD SYSTEM 

Ill vertebrates the blood courses through a continuous system of 
tubes, known as arteries, veins, and capillaries. Invertebrates, on 
the contrary, at least most of them, have an open blood system, 
that is, one in which the blood may pass freely back and forth 
between the blood vessels and surrounding spaces or sinuses. The 
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epidermis under which is the thicker densely woven derma that 
furnishes leather. 


13. OTHER VERTEBRATE PECELIARTTJES 

The distinctive peculiarities of vertebrates are by no means ex¬ 
hausted in the foregoing list. 

Tendons, which are tough tissues attaching muscles to bones, 
teeth of dentine capped with enamel, nerves with sensory and motor 
roots are vertebrate specialties, and last of all, the eyes, ears, and 
other sense organs of vertebrates are structures for which it is 
difficult to find any exact invertebrate ancestry. 


VI. Comparative Diagrams of Chordates 

and Non-Chordates 

A visualized diagrammatic summary of some of the outstanding 
points of contrast between a generalized chordate and a corre¬ 
sponding non-chordate, is presented in Fig. 6. 



CHAPTER II 


KINDS OF VERTEBRATES 


i. Taxonomy 

In nature oik' encounters all sorts of different animals inter¬ 
mingling without any apparent law or order, ft is necessary, 
therefore, with all this diversity to invent some workable system 
that will bring cosmos out ofchaos and make" type study " possible, 
otherwise confusion is inox itable and the effort to become familiar 
with all living things is hopeless. 

First of all it is essential to become acquainted with as many 
kinds of animals as possible, not alone through pictures and 
names of animals that live so dreary a life in textbooks, but through 
actual acquaintance with real animals. Taxonomy, or classification 
of animals and plants, is dull and wit hout point until one has gained 
a personal acquaintance with enough organisms to make it, worth 
while. 'Phis chapter consequently should be referred to only as a 
last resort after various kinds of animals encountered begin to be 
familiar and interesting, and there is something to classify. 

Classifications, it should be noted, are more than arbitrary sets 
of pigeon-holes labeled with forbidding technical names, in which 
to lile away and forget our animal associates, for they involve a 
compact summary of knowledge concerning the origin and deriva¬ 
tion of different organisms. 

In mentally putting together animals of a kind, the ideal criterion 
to employ is hereditary relationship rather than external resem¬ 
blance. It is the particular province of com pa rat ire morphology to 
discov er such relationships. \ whale, for example, is properly classi¬ 
fied with mammals rather than with fishes, which it superficially 
resembles and with which it associates, because its common 
origin with animals of the mammalian type is indicated by the 
fundamental fact, that, along with many other mammalian pecu¬ 
liarities. its young are born alive and fed at first upon milk. 

Superficial features, like the transparency of many open-sea 
forms as diverse as jellyfish, shrimp, pteropod mollusks, worms, 
and larval lishes, or the power of aerial flight on the part of such 
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plainly unrelated creatures as birds, bees, and bats, tell us where 
the animal has been spending ils life , while animals as unlike in 
appearance as whales and bats, herons and hummingbirds, eels 
and flatfishes, butterflies and bedbugs, or lobsters and barnacles, 
belong together in any scientific classification, because each pair 
is built on the same fundamental plan and has a blood relationship, 
one w ith the other. 

Owing to the incompleteness of our prevent knowledge about the 
evolution and blood relationship of animals there is still consider¬ 
able uncertainty and controversy among taxonomists as to “who's 
who" in any classification, and as a result several different arrange¬ 
ments are current in books dealing with the subject. The sune 
scientist,, as his store of knowledge grows, may change his original 
classification. For instance, David Starr Jordan, America's fore¬ 
most authority on the group of fishes, in a classification of North 
American fishes (Jordan and Copeland) in 1876, named 670 species. 
Twenty-two years later in I8 l )8 he published a new list (Jordan 
and Everman) including in it only 583 species in spite of the fact 
that meanwhile 130 new species had been brought to light. 

Ward refers to two kinds of taxonomists, namely, “hair-splitters" 
and “lumpers,” and we are free to choose between them, for there 
is no indisputable hard and last classification that we are bound to 
accept to the exclusion of all others. 

Although opinions differ with regard to the details of sv stems 
of classification, there is substantial agreement with regard to the 
sequence of the following groups in which 

like individuals make up spf.ciks 


SPKC1KS 

or.M'.RA 

FA Ml LI KS 

OltDKliS 

(LASSUS 

PHYLA 


GUNHR4 

FAMILIES 

OHDHItS 

CL4SSKS 

PHYLA 

KINGDOMS. 


The manner of employing these groups may be illusl rated L>> classi¬ 
fying a particular individual bouse eat, named “Tom" (Fig. 7). 

It will be seen that this cat finds itself admitted successive!\ into 

% 

more and more inclusive groups, until finally, as a member of tlie 
vast animal kingdom it lias quite lost its individual importance. 
If now we retrace our steps in the diagram from tlie all-inclusive 
animal kingdom , we see the individuality of “Torn” gradually 
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emerging until it uifly 1)(‘ concluded that tins C3t Ht Ic3st possesses 
not only tin* general characteristics listed in the preceding chapter 
as \ertebrate characteristics, hut also that it has the special equip¬ 
ment that makes it a mammal and a carnivore, like the lions, 



distinguishes it from all other domestic cats which are well known in 
their several households. 

Although Darwin, who wrote that great Bible of biologists, 
77?e Origin of Species , was unable to define just what are the limits 
of a species, which is a concept that lias no exact counterpart in 
nature, he nevertheless made it clear that a species is a real entity 
that outlives (he separate individuals composing it. The species 
concept of “cats” will remain long after the individual Tom has 
lived out the traditional nine lives of cats and turned to dust. 
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II. Scientific Names 

In a serious study of animals it is necessary to employ scientific 
names. Common names which, like nicknames or pet names, may 
have only a limited local application, do not invariably lead to 
accuracy in identification. Sailors are not initiated into life on the 
deep until they can command a vocabulary of technical terms 
that are strange to the landsman. Even baseball fans have a lingo 
all their own which corresponds to the scientific terminology that 
the biologist finds not only useful but indispensable. 

It is noteworthy that the first recorded task ever done by man 
is reported in Genesis 2:20, “and Adam gave names to all cattle, 
and to the fowl of the air, and to every living beast of the field/’ 
So Taxonomy is the first and most ancient of all sciences! 

The great Swedish naturalist Linne (1707-1778), who introduced 
into biology a complete system of nomenclature, thereby raised 
biology from an inferior position as an adjunct, of medicine to the 
dignity of a separate science simply by paving the way with an 
adequate biological terminology. He employed Latin mostly in 
making his scientific names. This was advisable since Latin is a 
“dead language/' no longer subjected to the changes in form and 
meaning to which any spoken language is liable. Latin, moreover, 
came the nearest Jo being the fundamental universal language of 
educated peoples of all tongues. Faithfully christening all the 
animals and plants known lo science in his day with a scientific 
name, Linne even included himself so that he is generally known 
by the Latin name of Linnaeus. 

A complete scientific name consists of three parts, as follows: 
the name of the genus to which the animal belongs; the name of 
the species; and the name of the namer , or godfather, who does the 
christening. Thus, Felis domes! ica, Linn., is the proper scientific 
name for every common house cat, because these cats belong to 
the genus Felis, to the species domeslica , and were so named in the 
first place by Linne. 

When the same kind of an animal is given two or more scientific 
names independently and unawaredly, as frequently occurs, the 
confusion is remedied by adopting the first name assigned, if it 
can be determined, in accordance with the “law of priority.” 

In any scientific name the genus is invariably written with a 
capital letter and the species with a small letter, although it is 
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permissible sometimes u lien a species is named in honor of a 
person or a place, to employ a capital loiter. According to common 
practice t he name of the namer, which is principally useful in de¬ 
termining priority in doubtful cases, is frequently omitted. 

livery student of biology who sets out in earnest to excel, must 
conquer any childish aversion he may have for the imaginary terrors 
of unfamiliar scientific names and should acquire, as soon as possi¬ 
ble, facility in the use of these indispensable tools of his trade. 

lit. \ Roll ( ’all of A ertebrate Classes 

Before proceeding further with a consideration of the compara¬ 
tive biology of the vertebrates, it is necessary to pass in brief 
review the different kinds of\ertebrates between which compari¬ 
sons are to be made. 

The phylum Chordata may be lined up in the following array : 


Suhphyhim t 
Class I 
Class 1! 
(’lass 111 
Suhphylum 11 

Class I 
Class tl 
(’lass 111 
Class l\ 
Class \ 
Class \ I 


PROTOCMOFU) YT \ 

I lemiehorda 
l r< ichor-la 
(Vphaloehorda 
\EHTERRATA 

(’ycloslomata 
Pisces 
\mphibia 
Heptilia 
A v es 

Mammalia 


J. BORDERLINE CHORDATES 

The important peculiarities I hat characterize the subphylmn 
Vertebrata of the phylum Chordata have already been indicated 
in the first chapter. There are certain animals, however, which 
have difliculties in qualifying completely in all particular* as 
vertebrates but are, nevertheless, classified as chordates. These 
interesting connecting links between vertebrates and invertebrates 
may be called “borderline chordates,” or Protochordates. They 
are subdivided into three classes, namely, heviiciiorda, urochohd 
and CEPUALOCHORDA. 

(a) Hemichordaies.- Dolichoglossiis koivulevskyiAouud on the At¬ 
lantic coast (Fig. 9), may be taken as a representative of the 
Hemiehorda, of which there are only a few genera. This small, 
fragile wormlike animal has no common name, because it is not 
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commonly known, an additional reason for resorting to the use of a 
scientific name. It possesses special interest for the biologist since , 
unlike any true worm, it has a 
series of pharyngeal gill slits, and 
a stiffening internal skeletal struc¬ 
ture in the anterior region suggest¬ 
ing a notochord. Moreover in the 
plan of its formation a dorsal nerve 
strand resembles the nerve cord of 
t > pica] vertebrates. 

In most particulars hcmichor- 
dates are wormlike in structural 
details, but the few vertebrate Fm. a lUiUmouh tssus, a bor- 

featuros just mentioned suffice lo ^‘‘din chonlate with gill diis. 

. ,. * , • , , ,. . . (After Bateson.) 

indicate their problematical posi¬ 
tion between vertebrates and invertebrates. 





They live buried in mud at various localities along the Atlantic 
seashore where at low tide their burrows may be identified by 

peculiar coiled piles of castings 
" ^similar to those deposited by 

^ earthworms (Fig. 9). 

^ Different species are found 

\ r 7/ ' -s + - f widespread in similar habitats 

‘ ' the world over. For example, 

: >Sv / in 18% during the Harriman 

j [Expedition, Dr. W. IE. Hitter, 

O an authority on this group of 

Wb .//• primitive animals, discovered 

.^ my among other kinds along the 

§ shore of Alaska a new genus of 

i % • 

— ---——— 7 ——— hemicllords, probably the most 

Fin. 9.— ])i)licho<jlo$siis in its tubf . ... P .« ,, . - . . _ 

- . /l ’ 1 primitive of them all, which he 

Hesse, alter Stiasny.) christened Hurrinmnia (Fig. 10) 

in honor of the expedition. 

(b) Urochordales.- The Urochorda are marine 1 unicafes or ascid - 
ians. so called not only from a peculiar baglike outer lifeless 
envelope, or “tunic,'’ with two openings but also because their 
general appearance suggests an “ascidiiun,” the Latin name for 
a primitive wine sac made of goatskin. 

These degenerate representatives of the vertebrate plan are all 


Fin. 9 .—Dolichofjlossus in its tubf 
30 00 cm. deep in wind. (Fron 
Hesse, alter Stiasny.) 
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marine organisms, living for the most part a sedentary life. Molgula 
man ha I tens is, DeKay, a common k ‘sea squirt” found along the 

Atlantic shore attached to piles, floating seaweeds 
and other objects may be taken as a typical species. 
The essential features of its structure may be 
learned from the diagram of another simple ascid- 
ian (Fig. 11). 

It will be seen that water containing oxygen 
and microscopic food particles, when taken in 
through the incurrent opening , may either stream 
out through the gill slits of the large perforated 
pharynx into the surrounding chamber and so ac¬ 
complish respiration, or the food particles in the 
water may escape 





-mouth 

Ganglion 

atrial 
pore 


-cloaca 
-endostyle 
harynx 

-anus 

-tunic 
donadal 

--intestine 

neri branchial 
chamber 


Fig. 10.—//or- past the pharyn- 

yr^'iuZ': <-■«> <* 

(After Spengci.) the gill slits and 

reach the gullet, 
where they are then forwarded 
to the digestive tube itself. This 
is quite like the pharyngeal ar¬ 
rangement in fishes for breath¬ 
ing and feeding. The particular 
mechanism which insures the 
transfer of food particles past 
the numerous gill slits to the 
gullet of a tunicate is a series of 
ciliated grooves, the endostyle 
and epibranchial groove , extend¬ 
ing down opposite sides of the 
pharynx. Sticky mucus is pro¬ 
duced that causes food particles 
to become entangled in the form 
of a mucous rope which the cilia 
in the grooves sieer into the F “- 
gullet. The heart of the sea 

squirt is ventral in location as it should be in an orthodox verte¬ 
brate, while the central nervous system, although reduced and 
insignificant in these sedentary animals, is dorsal and hollow , fea¬ 
tures also typical of vertebrates. 
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It is the early life of the tunicate, however, that gives the real 
clue to its unmistakable relationship to true chordates, which it 
so little resembles when superficially examined. The egg develops 
into a free-swimming larva like a tadpole (Fig. 12), showing in its 
locomotor tail an unmistakable notochord, and a single tubular 
dorsal nerve cord. This is the reason for the name of the group, 
“Urochorda” (uro, tail; chorda , notochord). After the larva 
swims about for a time and increases in size, it settles down on a 
suitable support and enters upon its lifetime of stationary existence. 



Fig. 12.—Diagram of a larval tunicate, Clavelina> just become ut.tached. 

(After Seeliger.) 

The tail, no longer needed for locomotion, is absorbed into other 
tissues of the body, * and the tunicate thus sacrifices most of its 
birthright of vertebrate characteristics, that is, notochord and 
tubular nerve cord, for the doubtful advantages of sedentary seren- 

ily ; 

Some tunicates as the result of budding are colonial in habit, 
living connected together in more or less dependence upon each 
other, a state of affairs not uncommon among invertebrates but 
which does not occur elsewhere among chordates. The compound 
or colonial manner of life is shown, for example, by Botryllus 
(Fig. 13), a small tunicate that grows in starlike slippery patches 
over the surface of seaweeds floating in the shallow waters of the 
seashore. The incurrent openings of the several individuals in the 
colony are separate and arranged in a circle around a common 
excurrent opening. 

Other colonial tunicates, such as the beautiful transparent “ chain 
salpas,” are pelagic, or free-swimming in habit, forming elongated 
rafts of barrel-shaped glassy-clear individuals which float near the 
surface of the ocean, usually many miles off shore. 
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Alosf primitive of all these humble cousins of the vertebrates are 
l,lie* microscopic Appendicularia, tiny ghostlike creatures of the 
vast ocean waters, that live a life of complete freedom and do not 
relapse, like other tunicates, into unambitious sedentary degenera¬ 
tion, but remain larval “tadpoles"' throughout life. Animals such 
as these, which never “grow up" but become sexually mature while 
in the larval stage, are said to be paedoqenic. 

(i c) Cejihaloehor dales. —Of the chordales that have either a noto¬ 
chord or a backbone in adult life, the class Cephalochorda, so 
named because the animals composing if have a notochord ex¬ 
tending into the head region, includes only two genera, Branchi- 



Fi<; 13. Hot ry this, a cum pound limicnlc. Left, section of a colony, showing 
the common exit; Kighl, surface \ icw of h\o colonics surrounded by a gelat¬ 
inous mass, growing upon the ilal surface of a bit of seaweed. 


ostoma and Asymmelron , and about a score of species. The class is 
also called Acraniota because of the absence of a cranium, or brain 
case. Jf these animals had a cranium they would have nothing 
to put in it, for they art' brainless little creatures whose nerve cord 
fails to enlarge at its anterior end into anything like a brain. 

Amphioxus ( Branchiostomu ), the most widely known of the class, 
has had enough wrillen about it to fill more than one ponderous 
tome, the reason for the unusual distinction being that it is the 
simplest known chordale animal , a “fish in the making," illustrating 
the beginnings of many great things. 

“It's a long, long way from umphioxus 
But we came from there!” 


The unique biological significance of this elementary ancestor, 
in which the chord ate plan is reduced to its lowest terms, was first 
made known by Johannes Muller (1801-1858) a century ago upon 
examination of a single preserved specimen. Today no book upon 
vertebrate biology is complete that does not reckon with it. 
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Amphioxus dwells in the shallow waters of tropical and semi- 
tropical seas in locations as far apart as the Bay of Naples, the 
coast of Peru, Japan, the Indian Ocean. California. the Philippines. 
West In dies, Australia, North Carolina, Hawaii, Alaldive Islands , 
and China. r fhis wide distribution surest,s the grea l antiquity of 
the type which, in spite of its restricted means of locomotion, has 
had time to spread to the uttermost tropical corners of the earth. 

Off the coast of southern China, north of the Island of Amoy, 
amphioxus is so abundant that it forms an important food lishery 
which has been worked by the Chinese for centuries. Professor 
S. F. Light writes in Science for July 27, J923: “Mere on this little 
strip of coast about 100 fishermen, using 200 small boa Is, are en¬ 
gaged for from two to four hours on the ebb tide of every calm day 
during the nine months from August to April of each year in dredg¬ 
ing for amphioxus for the market. The catch averages about 2000 
pounds, well over a ton hu- each calm day during the nine months 
of the fishing season and a total of hundreds of tons of amphioxus 
are taken during the year!” 

It is not as a source of Chinese food, however, that the chief in¬ 
terest in amphioxus lies, but because in its development and 
structure this little animal points the way to the rise of the com¬ 
plicated conditions found in higher \erlebrales. 11 will be necessary 
later on, when tracing the origin of various vertebrate organs, to 
go back repeatedly to the stage of development presented by 
amphioxus as a starling point. Now brief attention is called only" 
to a few of the more conspicuous features of this vertebrate Adam- 
and-Kve. 

Amphioxus, or tlie “laneelet” as it is commonly catted, is an 
elongated, semi-transparent, fishlike animal, two or three inches 
in length when fully grown, and somewhat pointed at either end, 
as its (ireek name (umplu, both; orus. sharp) indicates. Jn habit it 
is largely sedentary, lying buried in the sandy bottoms with its 
anterior end projecting. It is a poor swimmer, coming to rest by 
lying on its side when not burrowing into the sand. 

Reference to Figures 11 and 15 shows the presence of at least 
four diagnostic vertebrate characters: (1) a typical notochord , ex¬ 
tending the entire length of the body; (2) an invaginated hollow 
dorsal nerve cord , lying above it ; (3) a post-anal tail ; and (4) an 
extended series of lateral pharyngeal gill slits . The gill slits are en¬ 
closed within a protective pharyngeal chamber which opens pos- 



teriorly to the outside through a ventral atrial pore , correspond- 
i 11 tr to \ he excurrent opening from the tunic cavity of the tuiiicates 

{Via- ID. 

Along I he floor of the pharyngeal chamber there extends an 
endostyle similar in structure and function to the endostyle of 


cf. 


v!f. 

Fiu II. Diagram of atnphioxus a, anus; a.p, atrial pore; c.f, caudal fin; 
cir, cirri around mouth; d.f, dorsal tin; t'.r, tin rays; g, gill slits; in, intestine; 
li\. li\er; in, mouth; my, myotomes; n.e. notochord; o, ovaries; s.e, spinal cord; 
\J, ventral fin (After Perrier.) 



lunieates, while along the opposite dorsal wall is an epibranchial 
groove which is eon!unions with the endostyle by way of peri 

pharyngeal grooves , leading to the 
opening of the gullet. 

At the anterior end is a circle of 
bristle-like cirri that guard the mouth 
and a whirlpool of cilia, the “wheel 
organ" of Muller, which helps to di¬ 
reel the microscopic food into the 
mouth. 

Running along the outside of the 
body dorsally and around the tail 

rciYTO -ipy/nt-?*•*> von f ra ^’ * s a continuous median 

~ cn J in ' * ^ ,e as if passes 

around the tail end, expands to form 
„ _ . „ a conspicuous caudal fin. As the fold 

phioxus. ,|.f, dorsal lin: sp.n, reacl,es ,1,e of Ulfi atrial pore 

spinal nerve; n.e. nerve cord; anterior to the anal opening, it divides 
mus, muscle; noto, notochord; a letter Y, and extends forward in 

dual groove; cod, coelome; g.a, ,at f ral folds on either side of the body, 
gill arch; ov, ovary; liv, liver; It is out of persisting parts of similar 
ph.c, peribronchial cavity; en, folds, which are laid down tempo- 

lai(Tul fi„. (After It. Ilert w i K .) raril >’ in the embryos of fishes, that 

fins are formed (Fig. 16). 

The food tube is short, straight, and uncomplicated. It is lined 
with cilia (an invertebrate characteristic) and has growing out 
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from it ventrally a blind sac , the liver diverticulum, lined with 
glandular epithelium and supplied with a network of blood vessels 
that represents the beginnings of a vertebrate hepatic portal system, 
since the blood from the food tube lias to pass through this capil¬ 
lary strainer in the liver di- A 
vertieulum before going for¬ 
ward to the gills and thence 
over the body. 

There is no heart present, £> 
but a ventral blood vessel, 
lying below the pharynx, 



which is larger Ilian the other 
blood vessels and is prophetic 
of the future ventral heart of 
vertebrates. 

The gonads are segmental 
and can Vie seen from the oul- 


Fics. I(>. Diagram of I,lit* phylogenetic 
do\olopmonf. of unpaired and paired fins. 

A, ampliioxiis stage, with continuous fins ; 

B, differentiated stage*, with fins remain¬ 
ing after partial absorption of the primi- 
li\ e continuous tins. (After Wiedersheim.) 


side through the transparent body wall. The sexes are separate. 

Unlike urochordatcs and heinichordales, cephalochordates prob¬ 
ably represent simple primitive advancing forms, and not ones 
whose simplicity is the result of degradation. 


J\. (lit AIN 1 AT A 
1. CYCLOKTOMATA 

The lamprey eels (Fig. 17) and the hagfishes show a great ad¬ 
vance it) tlie vertebrate series over the forms thus far considered, 



Fig. ] 7.—Lamprey col, Pelramyznn . (After Goode and Bean.) 


but are so different from other fishes that they have been placed 
in a class by themselves. They are called “cyclostomes” (cyclo, 
round; stoma, mouth) for the reason that, instead of typical verte¬ 
brate jaws, they have round jawless sucker-like mouths by which 
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t hoy sillarh themselves to I lie sides of fishes or to other objects, 
llaglishos fire more committed to a life of parasitism than an v other 
vertebrate, and when one fastens to a fish, it may rasp a hole with 
its filelike horny teeth that are attached to its muscular tongue, 
quite through the skin of the unfortunate host whose death even¬ 
tual I\ results. 

O.yclostomes are distinguished chiefly by the absence of certain 
customary (isldike structures. They are not only jawless, but are 
also without pain'd fins, scales, swim bladder, cloaca, oviducts, 
true mesodermal teeth, vertebrae, ribs, or bones of any kind. VII 
arc eel-like in shape, but are not to be confused with true eels, w hich 
have a bony skeleton including jaws, instead of a skeleton consisting 
principal!) of a persistent notochord. 

The larval lamprey is so different from the adult that it was for¬ 
merly assigned to a distinct genus and named Xmniocodex before ils 
whole life history was known. 

Cycloslomos are usually marine in habitat although they fre¬ 
quent fresh waters to breed, and some species are permanent fresh¬ 
water inhabitants. 

Lampreys scoop out a nest in the sandy bottom of a flowing 
stream in which to deposit their eggs, meanwhile fastening them¬ 
selves by means of their suctorial months to a stone in order not 
to lie.carried down stream. This habit has given rise to their genus 
name of Pdromyzon (pdros\ roc k: myzon , sucker). 

llaglishes are particularly slippery creature's, often produc ing so 
much mucus when uncomfortably confined in a bucket, of stagnant 
waler. that the water is thickened into a gluey mass. Linnaeus 
describes Myxine (flulinosa, a European hagtish, in compact Latin: 
" Inlrat d dewral pi sees; aquam in (jlulen innlal .“ 

Lampreys have for a long time been used for food, particularly 
in Europe. Cicero in one of his orations bewailed the tendency of 
young spendthrift Homans of his day, who as in every generation 
were regarded by their elders as going to the dogs, because lliey 
spent, their time reveling at night and “feasting upon such delicacies 
as lampreys/' 

Only a few genera are reported as belonging to North America. 
Mordaria and Geolria are inhabitants of the southern hemisphere. 
The best known American and European genera are the hagfishes 
Myxine (Atlantic) and Polislolremu (Pacific); the lampreys 
Pdrornyzon, found in both salt and fresh water, Idifhyornyzon , of 
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the Great Lakes and Mississippi Valley, and the brook lamprey, 
Lam petra. 

There are also in this group small armored fishes called Ostra- 
coderrns (Fig. 155), fossils of the Devonian Period, undoubtedly 
relatives if not ancestors of modern cvcloslomes. 


2. PISCES 

M hen Pliny (23*79 a.d.) wrote his Ilisloria Nufuralis, he enu¬ 
merated 91 kinds of fishes then known lo the Homan world. In 1735 
Linnaeus listed 178.. Today it is estimated that at least 20,000 
species are known, which is more than half of all the verte¬ 
brates. 

The importance of this class of vertebrates is brought out by the 
fact that, the waters of the earth, of which fishes are the dominant 
inhabitants, occupy four times the area of the land masses combined. 
Ml hough primeval (ishes lived in fresh water before the oceans 
became salty, only approximately one species out of twelve now 
fixes in inland fresh waters, while ten arc distributed in open oceans 
or coastal regions and one is a dweller in I lie darkness of the deep 
sea. 

Fishes vary enormously in size all the way from the dainty 
Mislichlhys luzonrnsis of the Philippines, which is about hall* an 
inch long when full grown, to the colossal shark. Hhinodon lypiewn 
that, according to Jlaempel, has been known to attain a length of 
05 feet. 'There is likewise a remarkable range in the body form of 
fishes, as indicated by representatives shown in outline in Fig. 18, 

A (i. 

The key for understanding the fish plan is to lie sought in the 
adaptation of these animals lo life in water. For example, the tail, 
which frequently is more extcnsi\e than all the rest of the body, is 
a locomotor organ entirely effective in sculling through lhe resistant 
medium of water, but quite useless in thin air. 

An elementary working assortment of fishes into distinctive 
groups contains the following live orders: tclasmobkanchii; holo- 
crpjiali: dipnoi: canoidei; and tkleostki. 

(u) hJIasmobranchs (gristlefishes). The North American elasmo- 
branchs include about 60 species each of sharks and of rays. The 
sharks, including dogfishes and their allies (Fig. 19, A and C), 
all graceful elongated streamlined animals, actively prey upon other 
fishes. The rays, with the skates, torpedos, guitar fishes and their 
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F,o. 18.—Some unusual styles of fishes. A, Hippocampus; B, 
C, Serrivomer; D, Sebasioprisiis; E, »o^«; F Ctoetodon; 1 G. 
(A, after Hilzhcimer; B and C, after Goode and Bean, 
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allies, on the contrary, are flattened sluggish bottom feeders (Fig. 
19, B). 


An elasmobranch may be distinguished by the following char¬ 
acteristics: (1) a mouth ventral in posilion rather than terminal; 
(2) separate openings of the gill slits, not concealed as in other 
lislies behind a flap; (if) a cartilaginous rather than a bony skeleton, 
whence the common name of “gristle lislies”; (I) placoid scales, 
resembling tiny thumb lacks embedded in the skin without 
shingling over each other like ordinary Jisli scales; (5) a spiral 
valve in the intestine; (6) tail hr le race real, that is, in side view 
showing two flanges of which the dorsal one is the larger; (7) paired 



Fiu. 19.—Klasrnobrunrhs. A, nursr shark, Somniosus; B, a skate. Raid , 
(Al'ler (inode and Bean); < 1, a sawfish, Prishs. (After Boas) 


pelvic litis modified into “clasping organs" in the male; and (8) the 
production of a relatively small number ol* eggs that hatch and 
develop into some size within the oviduct, of the female before the 
young are born alive, instead of a prodigious number of uncared-for 
eggs broadcast in the water as is customary with most lislies. 

( b ) Ilolocephaliuns .— Biological interest in the uncommon and 
bizarre “elephant lislies," or “spook lislies," centers in their inter¬ 
mediate anatomical posilion between elasmobranehs and other 
lislies. As in most elasmobranehs, the young are born alive while 
the adults have a spiral valve inside the intestine and possess a car¬ 
tilaginous skeleton, although beginnings of bony formation appear 
as calcareous rings surrounding the persistent notochord. 
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The name holoeephali (halos, whole; cep halo n, head) is given lo 
I,hern because I he upper jaw is immovably fused with the cranium 
(autostylic) after tiie maimer of higher forms, instead of being 





Fin. 20. -Ilolorophulian fishes. A, ('hirnaera: B, CaUorhvnchus, ( Hurrmtla . 

(,Alter Hondo and Bean.) 

indirectly suspended by means of ligaments and cartilages (hvo- 
stylie) as in elasmobranchs. 

The gill slits are covered by a flap, or operculum , as in higher 
fishes, and the tail has the caudal fin elongated to a point. 

Existing representatives of the Holoeephali are distributed in 
three genera: Chimaera (Fig. 20, A), on the coasts of Europe and 
Japan, the Pacific coast of North America, and at the Cape of 
Good Hope; Callorhynchm (Fig. 20, B), of south temperate regions; 
and Harriotla (Fig. 20, C) in the deep sea. 

(c) Dipnoans. —As the word dipnoi ( di , two; pneuma , air) sug¬ 
gests, the “lungfishes” have two ways of breathing, that is, by 
means of gills and by a modified swim bladder, or lung. 
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They are semi-tropical fishes dwelling only in countries where 
wet and dry seasons alternate instead of winter and summer. 


During the dry season they bury 
themselves in muddy pits (Fig. 21) 



and brealhe air like land animals, 
bul w hen I he rainy season sup¬ 
plies an abundance of water they 
swim about fish-fashion, breathing 
through gills. This passive method 
of bridging over a season of un¬ 
favorable drvness is termed aeslira- 
lion, corresponding to hibernation , 
or the habit of animals like bears, 
bats, and woodchucks, which retire 
from activity during the cold 
vvinter season. 

There are no lungfishes in North 



America, and only three living gen¬ 
era are known anywhere. These Km; 21. The African lunglti., 

are 0 roll) pier US in West Africa; Frotu/ifcrus, undergoing acsti\a- 

‘ion in lti»' mud during I hr dry 

_\rorentlodusin Australia (Tig. 22); S( ,. wm (AlVr HiUHimei.) 
and Lepidosiren in Brazil (Fig. 2\\). 

They possess much interest for the zoologist not only 1>> reason 

of their peculiar habits and rarity, but also because of theinter- 

_ mediate combi na- 

) , lion of their ana- 

3 \ j)/ t )) )y) J})) tomical characters 

^/W - which puts them in 

. a class by Ihem- 

Fit.. 22. Australian lungfish, j\eoceraf arias. (rrnin . 

Newman, after Bridge ) selves. 

( d) da no ids. - The 

living ganoids, or enamel-scaled fishes, represent the remnants of 
what was once the dominant type of fishes. These arinor-clads grad¬ 
ually gave way to more 

alert and less encuin- QFl 7 ~~ -- 

bered bony fishes, un- * 

til todav only ehdlt * Ki * — Brazilian lungfish, Lepidosiren. (From 

' . ^ Newman, alter Lankester.) 

genera, with about 

forty species mostly of fresh-water forms removed from the fierce 
competition of the more populous oceans, remain to tell the tale of 
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their own Golden Age, when hundreds of species and countless 
individuals of their kind lived and died in the vast Devonian seas. 

The eight surviving genera of ganoids are: Polyodon , the paddle- 
fish of the Mississippi Valley (Fig. 24, A), and Psephurus , its cousin 




Fin. 24.---Ganoid fishes. A, Polyodon; B, Acipenser; G, Lepisosleus; D, Polyp- 
Urns; E, Amia. (A, after Boas; O, after Goode; B, D, E, from Newman, after 
Bridge.) 


from China; Acipenser (Fig. 21, B), and Sea ph ir l lynch us , the stur¬ 
geons; Lepisosleus , the garpike (Fig. 24, C), and Amia , the bowfin, 
found in the rivers and lakes of the l mited States (Fig. 21, E); and 
finally, Polypleras (Fig. 2t, D), and Gallimoichthys , “lobe-finned” 
fishes found only in Africa. Of these the first four are “cartilaginous 
ganoids,” or Chondrostei, whose skelelons are largely cartilage, 
and which show a transition between elasmobranchs and bony 
fishes. Lepisosleus and Amia are known as “bony ganoids,” or 
Holostei, since the cartilaginous components of their skeletons 
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have been quite completely replaced by bone. The last two 
African genera, Polyplerus and Callirnoichlhys, are the remnants 
of another group of ganoids, the “ lobe-fins,*’ or Crossopterygii. 

The transitional position of ganoids is shown by the presence of 
a degenerating spiral valve in the intestine, together with the 
introduction of pyloric caeca which in higher fishes take the place 
of an elasmobranchian spiral valve as a device for increasing the 
internal surface of the food tube. 

Ganoids are either naked or clothed with peculiar enameled 
scales which fit together edge to edge, rarely overlapping, like 
tiles around a lireplaee. A single dorsal fin is usually located far 
posterior next to the tail, and there is present inside the body a 
hydrostatic swim bladder. 

(e) Tel costs. The telcos Us (tele, entire; os l, bone) are the true 
bony fishes. "They constitute probably ( )0 per cent of all known 
kinds of fishes. A simple way to identify a tel cost is to eliminate its 
chances of belonging to any of the other orders already mentioned, 
consequently it will be unnecessary to dwell upon the diagnostic 
characters of this order here. A few unusual representatives out of 
the great variety of teleosts are suggested by outline sketches in 
Figure. 18. Some of the best known teleosts are herring, salmon, 
trout, eels, suckers, carps, pickerel, perch, flatfish, and cod. Of the 
carps alone there are approximately 1000 species. 

:i. AMPHIBIA 

The clumsy amphibians (amphi , both; bios, life), like Dr. Jekyl 
and Mr. Hyde, t ypically lead a double life, that is, in the water and 
on the land. As a class they bridge one of the greatest gaps in 
vertebrate evolution. The result of this ambitious attempt is that 
they present a medley of makeshift adaptations which, while leav¬ 
ing them still a long way from vertebrate perfection, nevertheless 
make them of particular interest to the student of comparative 
biology. 

Along with access to two different habitats they must encounter 
a double set of enemies, but at. the same time they have two 
avenues of escape, land and water. 

The earliest record of any walking vertebrate is a single illuminat¬ 
ing footprint, as unique as that which Robinson Crusoe found in 
the sand of his island beach, left in the Upper Devonian shales 
of Pennsylvania, and now to be seen in the Peabody Museum of 
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Thuu*ftus % I In* 

ol<lcsl known 
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Yale l Hiversil v. The three-toed fossil ancestor of the amphibians 
that made this famous footprint has been christened Thmopm 

(Fit:. 2 la). ... , , 

Among the dual adjustments that any animal living a part oi the 

lime submerged in vvaler and a part oi the time upon land , must 

make, is IfK'omolion. In vvator an elongated (ishlike body, propelled 

by a muscular fail, has proved lo be the most elli- 

eieut mechanism lor locomolion. On land such an 

arrangement would be out of the question, because 

in Iliin air a propeller that could develop power 

enough lo mme the body at all would necessitate 

so great an addition of heavy muscles as lo defeat 

I he possibility of aerial or terrestrial locomotion. 

When the weighl of I lie body is no longer sup- 

font print. (Alter ported bv a surrounding medium of water, legs 

u>in ’ appear, acting as levers to lift lhe body away from 

frictional contact with the ground. It is quite possible lo equip 

such levers willi muscles suflieient for their successful operation 

without adding excessively lo the entire weight lo be moved. 

Amphibians, beginning with a (ishlike stage in water and ending 

as aw kward slovv-mov ing loads on land, exhibit a series of locomotor 

adjustments of wide range. 

The legs of salamanders are ridiculously small and inadequate. 
They do not even lift the body from the ground, for instead ofbeing 
directed venlrally as supports, they project laterally, and can l>e 
used only slightly in poking the wriggling body along over the 
ground. Ivven in frogs and loads, where amphibian legs reach 
their highest development, such locomotor appendages are so in¬ 
efficiently anchored lo a single vertebra of the supporting back¬ 
bone, that these animals cannot bear their weight upon Ihem in 
the sustained manner necessary for standing or walking, and can 
progress only by 1 lie momentary exertion of hopping or jumping. 
When not loeomotiug they never stand but always sit. 

Breathing also calls for a different equipment under water and 
in air. The essential feature of every breathing device is a delicate 
wall, or membrane, separating blood from air. In submerged ani¬ 
mals gills, which are thin-walled structures containing blood and 
hanging in surrounding water in which oxygen of the air is dis¬ 
solved, fulfil this condition. When exposed for any considerable 
time to free air, however, thin-walled gills collapse and dry up, 
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making gaseous exchange no longer possible. The consequence is 
that in animals breathing air, lungs are developed. These are en¬ 
closed sacs in which an enormous expanse of capillary blood ves¬ 
sels behind very thin moist walls is exposed to air. Collapse and 
drying up of this kind of walls is prevented because openings from 
the lungs to the outside through which evaporation can occur are 
relatively small. 

Amphibians not only utilize gilts and primitive lungs in respira¬ 
tion but they also breathe to a large extent, directly through the skin 
which, so long as it is kept moist, may remain thin enough to serve 
as the membrane separating the blood from the surrounding air. 
This enforced diversity of devices for breathing has made perfec¬ 
tion in any one method impossible. \s a result amphibians are 
such poor breathers that, they cannot develop heal enough to main¬ 
tain a body temperature independent of that of their surroundings. 
This handicap helps to make them “cold-blooded ’ and, since they 

can never be active when it is cold, they are excluded entirely from 

• • 

frigid regions, while in temperate zones where winter condemns 
them to hibernation, they an* able to exercise seasonal activity for 
only a part of the Lime. 

Furthermore, I Ik* metamorphosis of such an amphibian as a frog 
or a toad, necessitated b> its emergence from water to land, works 
profound changes both in its structure and in its feeding habits. 
During its lifetime the toad changes its diet six times. While in the 
egg it absorbs the yolk stored within; then, upon hatching, it de¬ 
velops a temporary mouth and eats its way out through the 
jelly of the egg envelopes; next it becomes a free tadpole, swim¬ 
ming about by means of a tishlike tail, and feeding upon vegetation 
found in the water. With the growing pains of its coming trans¬ 
formation it loses its temporary mouth and along with it the ap¬ 
petite for vegetable food. Tiny legs and arms now sprout out 
through slits in the skin, and instead of swimming about much the 
little toad sits quietly in its shirtsleeves and devotes itself intro¬ 
spective! y to the task of making its tail substance over into more 
useful parts of the body. By this time cold weather is approaching 
and it goes into a long winter retirement during which its only food 
is the fat l>ody , a peculiar nutritive storage organ attached near 
the gonads in the body cavity and provided to meet the interven¬ 
ing demands of hibernation. With the warmth of returning spring 
the young toad, meanwhile equipped with a new mouth and a 
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inarvclous lassoing tongue, emerges inlo a life of carnivorous activ¬ 
ity upon land, catching slugs and insects for a living. 

It is not. very difficult to recognize amphibians, although by the 
uncritical they are sometimes confused with reptiles. It was 
Brogniarl who in 1804 separated the Amphibia from the Reptilia 
as independent, classes, because the former have fingers and toes 
without c laws; a scaleless skin; two occipital condyles on which the 
skull articulates with the lirst vertebra; hind legs attached to the 
vertebral column by a single sacral vertebra; and young which 
breathe by means of gills. Reptiles, on Ihe contrary, have claws; 
scaly skin; a single occipital condyle; two sacral vertebrae; and 
young which never resort to gill-breathing. 

Living amphibians of approximately 1100 species may be dis¬ 
posed of in three orders: gymnopjiiona, caudata, and salientia, 


l l>K 


f ^ H L, 




Fic. 23.—Rcstorations of extinct Stegocephali, according to Gregory and 

Dcckcrt. (After Newman.) 

and to these should be added an order of the extinct stegocephali, 
or Labyrintiiodonts, including some 200 species so far dis¬ 
covered. 

(a) Stegocephals .—The stegocephals, whose ancestry has been 
traced by some biologists back to the lobe-tinned crossopterygian 
ganoids, bear a resemblance to living amphibians, although they 
disappeared from the earth before any known representatives of 
modern amphibians made their appearance. This fact, as pointed 
out by Jaekel, is embarrassing w hen one seeks to establish them as 
the undoubted ancestors of the amphibians of today. The gap 
separating these similar groups of animals may sometime be filled 
by the discovery of intermediate fossil forms. 

The stegocephals flourished in the swampy Carboniferous Period, 
along with giant rushes, mosses, and tree ferns, before there were 
aTi ^ birds, insects, or flowers, and when the warm steamy sluggish 
atmosphere was probably heavily charged with an abundance of 
carbon dioxide. They have the distinction of being the earliest 
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four-footed air-breathers on the earth, large awkward creatures 
clothed with an armor of scales (Fig. 25), and with a brain so small 
that it could have been easily pulled out through the foramen 
magnum at the back of the skull. The reason for the name “steg- 
ocephali” (stegos, roof; cephalon , head) is that the size of the skull 
by no means indicates the cra¬ 
nial capacity of these stupid 
beasts, there being a large attic- 
like space roofed in above the 
cranium itself, or that enclosure 

within the skull in which the Fig. 26.—A tropical wormlike am- 
insignificant brain was housed, pbibian, Caecilia, partly out, of its bur- 

(b) Gymnophiom..— Of mod- ™J usin ( ) Vorn !Vewman ' after p & F - 
ern amphibians the naked, leg¬ 
less Gymnophiona are the least familiar. They include about 50 
tropical species from Africa, South America, Ceylon, and India, 
which burrow in the ground. No fossils are known in this order. 

In appearance these animals resemble worms (Figs. 26 and 31, G), 
although possessing a vertebral column of as many as 250 verte¬ 
brae, and numerous other 
characteristics which place 
them unmistakably with the 
Amphibia. 

As examples of the order 
may be cited the “blind 
caecilian,” Caecilia , of West 
Africa, and Ichthyophis , of 
Ceylon. 

„ 0 _ ^ ., .. , , . (r) Caudala .—Caudates, 

tig. 27. — rerenm branchiate caudates. 

A, Proteus , a blind “olm” from German ^ 1 * lirodeles, are newts, 

caves; B, Nedurus. (From Newman, after mildpuppies, and salaman- 
Lfmkester - ) ders. They retain their 

tadpole-like tail throughout life, and many of them never emerge 
from existence in water, although some do so, living under stones, 
rotten logs, and in damp situations generally. 

They are distributed in three suborders: perennibranchiata, 

DEROTREMATA, and MYCTODERA. 

The perennibranchiates never lose their gills and, like Peter Pan, 
never “grow up.” They include the “olm,” Proteus (Fig. 27, A), 
a blind practically pigmentless newt which lives in the waters of 
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certain caves in southern Europe, and is famous for the fact that 
it has the largest known red blood corpuscles of any vertebrate; 
Typhlomolge , another blind cave-dweller from Texas; and the 
mudpuppy, Neclurus (Fig. 27, B), which is found in the United 
States from the Mississippi Valley eastward. 

The derolremes lose their gills when adult-, but one pair of gill 
slits usually persists. Representative forms are the “mud eel,” 

Siren (Fig. 28, A), of 
the rice fields of south¬ 
ern United States, the 
slippery uncanny ap¬ 
pearance of whose long 
snakelike body secures 
for it immunity from 
1 1 u me n i i iterferen ce 
quite out of propor¬ 
tion to its harmless 
character; the “ Congo 
snake,” Amphiumu 
(Fig. 28, B), which is 
not a snake at all, also 
from the southern 
United States; the 

Fid. 28.- -Durotreme caudatus which lose their hellbender. Crypto 
gills when adult but usually retain one pair of gill brciuchlis (Fig. 28, C), 
slits. A, “mud eel/’ Siren; B, “Congo snake,” inhabiting the Ohio 
Amphiuma; C, “h.Ulb«ad<T t ” Cryplabranch.u. R j d hs tributar _ 
(i>rom Newman, after Lydekker.) 

ies; and Mcgalobatra - 

chus, the “giant salamander” of Japan, which sometimes attains 
a length of over live feet. 

The myctoderes , whose gills in the adult stage not only disappear 
but whose gill slits all become closed, include the newts and true 
salamanders. Some of the better known genera are: the “vermilion- 
spotted newt,” Triturns (Fig. 29, A), found in the ponds and streams 
of New England; Desmognalhus (Fig. 29, B), which hatches its 
small rosary of eggs upon land; Eurycea (Fig. 29, C); Plethodon 
(Fig. 29, D); and Ambystoma (Fig. 29, E), the commonest sala¬ 
mander in the United States, all contact-lovers to be found under 
bark, logs, and stones near the streams in which they breed; the 
“worm salamander,” Balrachoceps, of the Pacific Coast, that lives 
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in crevices of the soil and in the burrows of earthworms; the dainty 
Alpine newt, Triton (Fig. 29, F), whose fancifully frilled back, in 
the case of the male, serves as a wedding garment during the breed- 




Fig. 29.--Newts and true salamanders, Myclodera. A, Trifnrus. (After 
Ditmars.) B, De&nwgnaihus. (After Dunn.) C, Eurycea. (After Dunn.) 
D, Plethodnn. (After Ditmars.) E, Ambystorna. (After Kingsley.) F, male 
Triton. (Alter Hilzheirner.) 


ing season; and Salamandra , which includes the true salamanders 
of Ihe Old World. 

The “black salamander,” Salamandra a Ira, of Switzerland, is 
particularly adapted to life in the cold tumultuous waters of the 
high glacial streams where it lives. Its 
eggs, only two of which develop at one 
time, are protected and prevented from 
being washed away by remaining within 
the oviduct of the mother, where they 
hatch and pass through their entire 
tadpole-hood, reaching a size large 
enough to insure their safety as inde¬ 
pendent animals before they are born 
into the world. 

(d) Salieniia. The Salientia are frogs, 
toads, and hylas, that lose their tails be¬ 
fore becoming adult. They are the first Fig ' /?V- frog ’ Hyh- 

° J .... (After Dickerson.) 

vocal vertebrates. Ollier amphibians, 

as well as fishes, are silent. These quaint and cheerful singers, 
moreover, are the first animals with a lacrimal gland, and so are 
enabled to wink and to shed tears. This does not mean that 
trouble enters the world for the first time with them, since tears 
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and blinking are primary adaptations for keeping the eyes of 
land animals clean, rather than serving as machinery for the 
expression of the emotions. 

The most populous genus of toads in North America is Bufo. 
There are many genera in other parts of the world, particularly in 



Fig. 31. —Care of young among Amphibia. A, nests of Hyla faber built of 
mud. (After Wiederslieim.) B, Ithacophorus schlegeli of Japan in amplexation 
within a hole in a muddy bank of a stream. The eggs are deposited in a mass of 
foamy mucus, and washed out into the stream below by the rain. (After Wieder- 
sheirn.) C, a Gymnophiona, Ichthyophis glullnosa, guarding its eggs. (After 
P. & F. Sarasin.) D, the “nurse frog” of PJurope, Alytes obsletricans. The male 
carries strings of eggs attached to its hind legs. (After Cope.) E, Hyla goeldii , 
with eggs glued to back of female. (After Hiring.) F, Noiotrerna pyymaeum , 
female with dorsal brood pouch containing only a few large eggs. (After 
Brandes and Schoenichen.) G, South American toad, Pipa dorsigera , the eggs 
of which arc deposited in pits upon the spongy back of the female by means of 
the everted cloaca, that serves as ovipositor, where they remain until the meta¬ 
morphosis of the tadpoles into tiny toads. (After Bartlett.) II, Hhinoderma 
darwini , section of head region showing eggs carried within the vocal sac, the 
position of which when inilated is represented by the dotted circle. (After 
Wiedersheim.) I, ArLhroleplis seychellensis , the tadpoles of which are trans¬ 
ported to fresh pools by being attached to the back of the male. (After Brauer.) 

South America which has a greater variety of amphibians than 
any other continent. 

Some years ago the Department of Agriculture in Washington, 
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in a pamphlet on the economic value of the common toad, Bufo 
americanus , estimated that a single individual in a garden was 
worth $19.44 as an insect destroyer. With the changed value of the 
dollar and the added cost of living, this precise governmental 
figure should no doubt now be increased. Bufo fowleri , the second 
of the two common species of toads in eastern United States, is 
distinguished by a white unspotted belly, instead of a yellowish 
spotted belly like that of Bufo americanus , also by the fact that it 
is to be found in sandy places near the seashore. Scaphiopus is 
the American spadefoot toad. Bombinulor of Europe is a famous 
scarlet-bellied toad that escapes attacks of storks because its 
warning color is associated with a bad taste as storks have dis¬ 
covered. 

The commonest genus of frogs is Bana , several species of which 
are found in Europe and North America. The best known American 
species of Bana are the leopard frog, /?. pipiens; pickerel frog, 
R . palusiris; green frog, R. clamilans; wood frog, R. sylvatica; and 
bullfrog, /?. calesbiana. Xenopus of Africa, and Pi pa, of South 
America, are salien tia of particular anatomical interest as will appear 
later. 

The little tree frogs have adhesive discs at the ends of their* 
fingers and toes that enable them when they leave the water to 
climb trees where they conceal themselves, persistently sending 
out their ventriloquistic calls. American genera are: the “cricket 
frog,” Acris; the “swamp tree frog,” Pseudacris; and the common 
tree frog, Hyla (Fig. 30). 

Many amphibians are remarkable for the ways in which they care 
for their eggs and young. Some examples are brought together in 
the following table, and are in part illustrated by the sketches in 
Figure 31. 


CARE OF YOUNG BY AMPHIBIA 

I. Protection by means of nests or nurseries 

1. Enclosures of mud. Hyla fabcr (Brazil) 

2. Resin-lined rainwater holes in trees 

Hyla resinifictrix (Brazil) 

3. Holes filled by parents with foam 

Rhacophorus schlegeli (Japan) 

4. Glued to folded leaves 

Phyllomedusa hypochondrialis (Paraguay) 

5. In jelly-enveloped twigs. Rhacophorus reinwardtii (Java) 
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II. Direct nursing by parents 

]. Eggs protected by coiling around them 

a. In holes in damp soil. Ichthyophis qlutinosa (Japan) 

b. Under logs and stones. ... . . .. Plclhodon (U. S.) 

2. Eggs carried about by parents 

a. Around the neck. Desmognaihus fusca (U.S.) 

b. Around hind legs of male. . .Alytes obsfetricans (Germany) 

c. Glued to back of female . . .Hyla (joeldii (South America) 

d. Glued to belly of female 

Hharophorus reticulatns (Ceylon) 

e. In dorsal pouch of female 

Nofofrema pygmaeum (Venezuela) 

f. In separate pits on the back of female 

Pi pa dors iff era (Surinam) 

g. In mouth cavity of female. Jfylambaies breviroslris 

h. Within vocal sacs of male . . Phinoderma darwini (Java) 

III. Tadpoles transported to fresh pools 

1. By attaching to male... Arlhrolepfis seychellmsis (Seychelles) 

2. By attaching to female . ... Hylodes hneatus 

IV. Viviparous tadpoles. Salamandra atra (Switzerland) 


1. REPTIL.I \ 

There are about 3500 species of living reptiles, according to 
Pratt, of which over 300 are found in the United States. 

Although, as compared with amphibians, their legs lengthen and 
strengthen, “reptiles” ( repere , lo crawl) are named with an eye to 
the legless crawling snakes. The group includes not only snakes 
but also lizards, turtles, and alligators, as well as Sphenodon , a INew 
Zealand genus containing a single species. Also included is a vast 
company of forms now extinct, many of which were gigantic, that 
dominated the Mesozoic world throughout a dynasty that endured 
for ages. 

Reptiles are the iirst vertebrates definitely committed to life on 
land. “Tilings that before swam in the water now went upon the 
ground ” (Wisdom of Solomon). This saying is true even of alli¬ 
gators, certain turtles, and water snakes which, although spending 
much of the time in water, come out upon the land to lay their eggs. 

Since the young of land animals never pass through a larval 
aquatic stage, two temporary embryonic structures are introduced 
in this group, namely, the amnion and the allantois , also present 
in birds and mammals. These organs are necessary because the 
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young no longer accomplish an early transformation, as fishes and 
amphibians do, from eggs submerged in water, but develop within 
egg-shells upon land or, in the case of mammals, within the uterus 
of the mother. 

The astonishingly rapid growth of any developing embryo 
necessitates a protective covering for the extremely delicate cells 
and tissual that does not involve hampering adaptations for with¬ 
standing exposure to dry air or mechanical shocks during their 
tumultuous multiplication. Growing embryos of fishes and am¬ 
phibians have such a provision in the surrounding medium of 
water in which they are immersed, but reptiles and all other con¬ 
querors of the land who cannot cradle their growing youngsters 
in open water, depend upon a protective ante-natal robe that 
develops around the young embryo. This is the amnion ., a thin 
enveloping sac filled with a secreted watery fluid in which the 
embryo floats. It may be truly said, therefore, that in a certain 
sense every vertebrate passes its early life submerged in water. 

The allantois is a temporary breathing and excreting organ, made 
necessary by the fact that when an egg is not laid in water but upon 
land, it must be enclosed within 


a shell which will prevent its 
drying up. This emergency or¬ 
gan, bearing a rich network of 
blood vessels, grows out; from 
the digestive tube of the em¬ 
bryo, enwrapping it as well as 
the amnion (Fig. 32). The al- Fig. 32.—Diagram of the relation of 


Ammon - 

Amruomc 

cavity 

Yolk sac 



, . . , i• i . amnion and allantois to the embryo, 

lantois comes to lie close against 

the thin inner egg-shell membrane, or chorion , so that through 
it and the porous egg-shell there is effected the interchange of 
gases between the blood and the outside world essential to breath¬ 
ing and excretion. In the case of mammals, the egg has no shell, 
but develops into a fetus that is parasitically attached to the 
uterine walls of the mother, and the capillary-laden allantois, 
which comes info intimate contact with the richly vascularized 
wall of the uterus, by interdigit ations, forming the placenta. It is 
through Ibis organ that the young animal breathes and excretes 
until it is born into independence. 

(a) Extinct Reptiles .—Extinct reptiles with their fossil remains 
wrote a long and dramatic chapter in the history of living things 
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Fig. 33. —Various extinct reptiles, selected to indicate diversity of form. 
They are not drawn to a common scale, but are mostly gigantic in size. A, res¬ 
toration of Diplod,octis. (AfLer Sinit.) B, restoration of Iguanodon. (After 
Heilman.) C, Ichthyosaurus. (After Conybeare.) D, Stegosaurus . (After 
Marsh.) E, Pterodaclylus. (After Seeley, but according to Abel in incorrect 
quadrupedal attitude.) F, Triceratops skeleton. (After Marsh.) G, Bronto¬ 
saurus. (After Marsh.) II, restoration of Triceratops. (After Nuhn.) 
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Fig. 34.—A primitive New Zealand liz¬ 
ard, Sphenodon. (From Hilzheimer, after 
IWr.) 


upon the earth for modern man to read. Several entire orders, the 
flying pterodactyls, aquatic ichthyosaurs, and long-necked plesio¬ 
saurs, for example, have, so far as is known, left no living descend¬ 
ants, but, according to Willislon, the mammals probably arose from 
the Synapsida, the lizards from the Parapsida, the birds from one 
superorder of the Diopsida, and the dinosaurs from another. 

During the Golden Mesozoic Age of Reptiles, which lasted ac¬ 
cording to some geologists, from 7,000,000 to 10,000,000 years, 
these ruling animals attained 
a great diversity of form and 
adaptation, enabling them to 
live in a variety of habitats, 
such as forests, water, swamps, 
dry land, and air. Certain 
flesh-eating dinosaurs devel¬ 
oped large powerful hind legs 
which enabled them to leap after their prey, while the more stolid 
plant-eaters were under-pinned by four massive pillar-like sup¬ 
ports of nearly equal size. Many of them grew to dimensions so 
gigantic that elephants would seem like dwarfs beside them. The 

imagination is 
, thrilled by a pic- 

fct. ...Vlure of the Meso- 

zoic landscape with 

Fro. 35.—Alligator. 5tS 

population. Some 

of these strange creatures of past precamera days are suggested 
by the sketches in Figure 33. 

Modern surviving reptiles may be grouped into four orders: 

RHYNCHOCEPHALIA, CROCODILIA, CHEOLNIA, aild SQUAMATA. 

(b) Rhynchocephals The rhynchocephals, which include many 
fossil kinds, are represented today by a single surviving genus, 
Sphenodon , or the “tuatara” of New Zealand (Fig. 34). Reference 
has already been made to the median eye of this interesting “old 
curiosity shop” of ancestral peculiarities, and there will be future 
occasion to rummage further in this anatomical attic for sidelights 
of the vertebrate past. 

(c) Crocodiles .—The Crocodilia, likewise with many fossil rela¬ 
tives, include the crocodiles proper of India, China, Africa, the 
Malay Archipelago, Central America, Mexico, and the southeast- 
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Fig. 36. - A sof!-shelled turtle, 
Trionyx. (After Ililzheimer.) 


era United States; the broad-snouted alligators of the Mississippi 
Basin, Florida, and China (Fig. 35); the caimans of Central and 
South America; and the narrow-snouted gavials of the Ganges in 
India. All are inhabitants of tropical or semi-tropical countries 
and, though clumsy and stiff-necked on land, are quite at home in 
r *—shallow water, whore their powerful 
' ; 1 ’* ’ yAs laterally compressed tails enable 

them both to swim forward and to 
^ Jr strike powerful side blows. 

(d) Chelan ions.— The ehelonians, 

Fjg. 36. -A sol!-shelled turtle, . .» j . . • j 

r r - , a ,, Tr , , • \ or turt les and tortoises, are modified 

Inonyx. (Al ter Jlilzhcimer.) > ’ 

“reptiles in a box," fated never to 
catch a glimpse of their own backs. They resemble the tanks of 
modern warfare, for even their toothless jaws are encased in a 
horny beak like that of birds, while the only flexible parts of the 
backbone are the neck and insignificant tail. 

A few of the genera of turtles are: the “leatherback,” I)ermo- 
chelys , and the “loggerhead/’ Thalassochelys , which cruise about 
in salt water and may attain a weight of several /r\ 

hundred pounds; the “green turtle/’ Chelonia <J ) 

my das, also a sea-going animal, prized as food; the 
“snappers,” Chelydra and Macrochelys, the latter f y(V> 
of which has a bite powerful enough to amputate r>\ J 
a foot; the “soft shell,” A my da (Fig. 36); the 
“diamond-backed terrapin/’ Mulacoclernys , delight Lj'** 
of epicures; the long-lived giant of the Galapagos v 
Islands, Tesludo; the “hawk's-bill,” Eretmochclys , Fig. 37. — A 

from which tortoise shell is obtained; the “musk “gecko” from 
turtle,” Aromochelys odorata, with an appropriate a ( Vhosive 
name; the “wood turtle,” Chelopus; the “mud showing a rrgen- 
turt.le,” Kinoslernon; the “box turtle,” Terrupene, crating 1x> 

that is able to withdraw its head entirely within Savillc-Kei^^ 

its shell and to close I he door with a hinged lid; 

and finally, the small beautifully decorated “painted turtle,” 

Chrysemys. 

America of all the continents is particularly rich in chelonial 
inhabitants. 


Fig. 37.—A 


(e) Squamates.-T lie squamates are reptiles clothed with a great 
number of regularly placed scales which cannot be separately de¬ 
tached like the scales of bony fishes but are connected together into 
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a continuous armor. They comprise two suborders: the sauria, 
or lizards, and the serpentks, or snakes, distinguished from each 


other by the fact, that the former 
have movable eyelids and visible ear- 
pits, while the lat ter do not. 

The saurians are typically sun- 
worshippers, dwelling in regions of 
much sunshine and for the most part 
avoiding water. A notable excep¬ 
tion is the water lizard, Amblyrhyn- 
chuSy which is an inhabitant of t he 
rocky shores of the Galapagos Islands. 

The “geckos" of the Malay region 
and the Mediterranean countries, 
have adhesive toes that enable them 
to clamber about witli great agility 



after Hies and other insects in trees 
and upon the walls inside of houses 
(Fig. 37). The “flying dragon” of 


Fig. 38. - An Indian lizard. 
Draco, the “living dragon.’’ 
(Alter llilzheimor.) 


India, Draco (Fig. 38), is able to volplane from branch to branch 



Fig. 39.- - An African lizard, Chameleon, which has a long extensile tongue and 
is famous for its power of ('hanging color. (After Hilzheimer.) 


of the trees I hat it inhabits, by means of a capelike expansion of 
the skin down the sides. 

Iguana is a large arboreal Mexican lizard of tierce aspect but 
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harmless habit which is regarded as good to eat, while one of the 
largest known lizards is the “monitor'’ of the genus Varanus, 
from Africa, the East Indies, and Australia. The giant of them all 
is the rare Varanus komodoensis, the “dragon” of the East Indies. 

The “chameleon,” Chameleon (Fig. 39), has a prehensile tail and 
grasping feel and flaunts a Joseph’s coat of many colors. It is a 
native of Africa, although its name is sometimes erroneously 
applied to I he little American Anolis (Fig. 40) of changeable colors 



Fig. 40. —An American “chameleon,” Anolis. (After Ditmars.) 


that inhabits the cane lields of the South and preys upon the insects 
that are attracted by the sweet juice that oozes from the cane. 

The “glass snake,” Ophisaurus of the Old World, and the “slow 
worm,” Amphisbaena , are legless lizards which, although snakelike 



Fin. 41.—The “horned toad,” Phrynosoma , of the desert region of south¬ 
western United States. It is not a “toad” but a lizard. (From Ilegner, after 
Gadow.) 

in appearance, have the non-dilatable mouth, visible ear-pits and 
movable eyelids of true saurians. 

Lacerla , of many species, is a very common Old World genus, 
while the “swift,” Sceloporus , and the “skink,” Plesliodon, are re¬ 
lated New World representatives. 

In the desert region of southwestern United States is found the 
grotesque “horned toad,” Phrynosoma (Fig. 41), that is called a 
toad only by the undiscriminating, and the “Gila monster,” Helo - 
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derma (Fig. 42), an ugly black and orange beast with a large round 
stubby tail, which has the reputation of being the only lizard whose 
bite is venomous. 

The serpents are the legless snakes, described by Ruskin as “a 
wave but without wind, a current but with no fall.” They walk 



Fig. 42. —“Gila monster,” Heloderma , the only known venomous lizard. 


upon their numerous ribs, or “jerk themselves forward by a rapid 
straightening of their sinuous curves” (Thomson). The curious 


arrangement of the internal or¬ 
gans of these creatures lias a di¬ 
rect connection with their ex¬ 
ternal architecture. 

Most snakes have few human 

* 

friends, in spite of the fact that 
most of them are beneficial ani¬ 
mals, feeding largely upon injuri¬ 
ous insects and small rodents. 
They have suffered vicariously 
from an unsavory reputation ever 
since one of their number was 
reported to have taken part in 
the original eternal triangle play 
in the Garden of Eden. 

Of approximately 110 species 
in the United States, less than 20 
are venomous. The most danger¬ 
ous of these, so far as man is con¬ 



Fjg. 43. —Texas rattlesnake, Crola - 
liis. (After Stejncger.) 


cerned, are the several species of rattlesnakes in the genus Crotalus 


(Fig. 43); the “copperhead,” Agkistrodon mokasen , and the “water 


moccasin,’* Agkistrodon piscivoruSy of the South. 
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The “black snake,” Coluber; the “puff adder,” Heterodon; the 
‘‘milk snake,” Lampropeltis; and the “garter snake,” Thamnophis , 
are among the common harmless variet ies. 


5. AVES 

All birds have feathers. This one conspicuous characteristic 
suffices to identify a bird, even to a child, for no other animals have 
feathers. The vertebrate type probably reaches its highest differ¬ 
entiation, along certain directions at least, in birds, and for this 
reason it, is not at all difficult to find many distinguishing char¬ 
acteristics, aside from feathers, in this familiar and much studied 
class of animals. 

The secret of the anatomical peculiarities of birds lies in their 
adaptation to flight, in the air. Speed of animal locomotion cul¬ 
minates in birds. The same combination of organs which converts 
a list) into a living submarine and adapts a reptile to a life of con¬ 
tinuous contact with the earth, transforms a bird into a flying 
machine heavier than air. 

The skeletal framework of a bird, comparable bone by bone with 
that of other vertebrates, is compacted together, thus affording the 
smallest possible bulk to pass through the air, although the sur¬ 
faces of individual bones remain relatively expansiv e for the attach¬ 
ment of greatly developed muscles of flight. The surfaces of the 
breastbone, the humeral heads, and the saero-pelvie, complex par¬ 
ticularly, are notably increased beyond those of other vertebrates. 
Every possible part of a bird is transferred from the anatomical 
suburbs into the compact urban district of the body. The heaviest 
parts hang beneath the line of support joining the wing-sockets 
where the power is applied in flight. Considerable weight is shifted 
from the periphery to the center by means of the replacement of 
heavy dense teeth, commonly found in the head of other verte¬ 
brates, by the light horny beak, while a tough muscular centralized 
gizzard, lined with powerful grinding stones, does the work which 
teeth once did in ancestral birds. 

The cumbersome trailing reptilian tail is telescoped into a de¬ 
generate skeletal stub, thus centralizing weight. Tn place of it a 
secondary tail of light air-resisting feathers is added as a rudder in 
flight. The presence in birds of a bony tail, composed of several 
foreshortened vertebrae instead of a single bone which might better 
have served as a support for the tail feathers, is one of the numerous 
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evidences of reptilian ancestry. Indeed someone has happily de¬ 
scribed birds as “glorified reptiles.” 

The bones of a bird are not only compact but are also lightened 
and adapted as parts of a Hying machine, by being hollowed out to 
I he limit of mechanical safety. 

Furthermore, bodily weight is par¬ 
ticularly counterbalanced by the 
development of numerous air sacs 
that grow out from the lungs, oc¬ 
cupying all available spaces be¬ 
tween the internal organs and ex¬ 
tending even to the cavities of 
the hollow^ bones. Feathers, which 
clothe a bird, hold a blanket of en¬ 
veloping air next to the body, 
that, since it is warmed by the 
body and is consequently lighter 
than the surrounding air, adds 
somewhat to the bird's buoy¬ 
ancy. 

In addition, the large intestine, 
particularly the rectum where the 
feces are carried, is very much 
reduced in length. Since flying 

animals can ill afford to be ^ , r , ,, 4l ... 

. r if:. 44. 1 no olciost known bird, 

weighted down with any excess Archaeopteryx, showing U^th, three 
fecal baggage, birds, having no finals, fimlhers, and a lizard-like 

suitable provision for its storage, Kk J^ndKcil'r’""" 1 ' 
promptly get- rid of it. 

The entire support of a bird's body devolves upon the hind legs 
alone, leaving tlie fore legs free to serve as wings. As a consequence 
the fore legs, or arms, which are entirely given over to flight, can¬ 
not be used for the capture and manipulation of food. The head, 
therefore, is necessarily not only periscopic but prehensile, being 
mounted upon an extremely flexible neck and equipped with a 
forceps-like beak for picking up food. As a result the remarkably 
developed eyes, located on either side of a bird's beak, are much 
nearer their objective than the eyes of any other vertebrate which 
reaches for its food. 

The excessive activity involved in flight is provided for in birds 
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by a relatively larger heart than other animals possess, as well as by 
a particularly effective respiratory apparatus, which so increases 
the warmth of the body as to render it constant, regardless of the 
surrounding temperature. Birds are active, therefore, the year 
around, in cold as in warm weather, never becoming sluggish or 
obliged to hibernate as “cold-blooded” animals do. Enabled ordi¬ 
narily to rise above the handicaps of temperature and climate, 

when occasion demands 
they resort by migration 
to distant and more con¬ 
genial localities. 

(a) Fossil Birds .—On 
account of their light bones 
and the rapid disintegra¬ 
tion of their bodies after 
death, birds are not sub¬ 
ject to fossilization except 
under the most favorable 
conditions, and do not, 
therefore, present so ex¬ 
tensively recorded a story 
of past achievements as 
reptiles. 

The earliest known trace 
of bird life is the imprint 
of a single tail feather, 

discovered in the Jurassic 

Fig. 45.- A toothed bird, lchthyornis , with s l a t e quarries of Bavaria, 
keel on the breastbone, from Kansas chalk ^ * 1 i i r 

beds. (After Marsh.) This unmistakable frag- 

meat dates back to the 
middle of the long Age of Reptiles, eons before mammals had 
arisen to become a power upon the earth. In splitting up the 
fine-grained lithographic stone of the Solenhofen deposit in 
Bavaria from which this priceless feather came, there were found 
also at different times later, two entire skeletons, crushed flat and 
embedded in the slate, of the same kind of birds that doubtless 
produced this famous tail feather. From these slight but. convinc¬ 
ing remains, the species of this oldest of all known birds, was 
named Archaeopteryx lithographica (Fig. 44). It was about as large 
as a crow, had lizard-like teeth set in sockets in the jaws, a long 
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uncentralized bony tail, three fingers with claws terminating each 
wing instead of one clawless finger as modern birds have, and 
feathers. 

The chalk beds of western Kansas, which were laid down at a 
much later date than the Bavarian slates of Jurassic times, have 
yielded the fossil remains of other extinct birds with teeth , for ex- 



Fig. 46.—A toothed penguin-like bird, 
Hesperornis, without a keel on the breast¬ 
bone, from Kansas chalk beds. (After 
Marsh.) 



Fig. 47.-A primitive 
wingless burrowing bird, 
Apteryx , from New Zea¬ 
land. (Drawn from a spec- 


. _ , . . n . . 0 imen in the collection at 

ample, Ichlhyorms (Fig. 45), in form re- Brown University.) 

sembling a tern, and Hesperornis (Fig. 46), 

a flightless penguin-like water bird, of which over a hundred 
specimens have been found. 

(6) Modern Birds .—Excluding both Archaeopteryx , which is a 
connecting link forming a group by itself, and also the toothed an¬ 
cestral birds of Kansas, modern birds may be divided, according to 
flying ability, into two unequal subclasses, ratitae and carinatae. 

The ratitates, none of which are indigenous to North America, 
are running birds that cannot fly. They include ostriches, casso¬ 
waries, emus, rheas, and the curious wingless Apteryx , or “kiwi” 
of New Zealand (Fig. 47), that in the absence of ability to escape 
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by flight, has survived the perils of a hostile world, by burrowing 
in the ground. 

In New Zealand also, a land of special interest to the biologist, 
have been found abundant fossil remains of Din or n is, the largest 
of all known birds, commonly called the “moa” (Fig. 18), which 
reached a height of at least 18 feet. It is likely that this species of 
gigantic ostrich-like birds has become extinct within the memory 
of man for when the whites first came into contact with the native 
Maoris of New Zealand they had legends about these birds that 
had been handed down to them from their fathers. 

The carinates are flying birds whose wide breastbone has de¬ 
veloped an expansive keel, or carina , for the attachment of muscles 
of flight. 

According to (iadow of the British Museum the carinates com¬ 
prise thirteen orders as named below. A few more or less familiar 
examples are given to represent each order. 

1. COLYMRIFOHMES: loOTlK, grebes. 

2. SPHENISCI FORMES.’ penguins. 

3. proceixariiformks: petrels, albatrosses. 

4. ciconi i formes: pelicans, herons, cormorants, flamingos, storks. 

5. anskriformes: geese, (iucks, swans. 

6. falconiformes: vultures, hawks, eagles, condors. 

7. tin ami formes: tinamous. 

8. (Jalliformes: turkeys, fowls, quail. 

9. orujformes: rails, and other marsh birds. 

10. charadriiformes: plover, sandpipers, and other shore birds, gulls, 

terns, auks, pigeons, doves. 

11. cucuuformes: cuckoos, parrots. 

12. coraciiformes: kingfishers, owls, whip-poor-wills, swifts, humming¬ 

birds, woodpeckers. 

13. Passeriformes: flycatchers, sparrows, swallows, vireos, wrens, nut¬ 

hatches, kinglets, thrushes. 


6. MAMMALIA 

Mammals , of which there are between 3000 and 4000 species, 
are perhaps less spectacular anatomically than reptiles or birds, 
but in spite of this fact they have come to occupy a dominant place 
among the vertebrates. Mammals, or “inot borers” as the word 
indicates, emphasize a new note of cooperation not discoverable 
to any great extent in the universal competition that elsewhere 
characterizes creation. 
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The first mammals to appear on 
the earth were small and insignifi¬ 
cant contemporaries of the gigan¬ 
tic reptiles of the Mesozoic Age. 
As long as huge carnivorous dino¬ 
saurs held sway, the small ancestral 
mammals, which were probably 
largely arboreal in habit, kept out 
of the way and bided their time. 
Perhaps they hastened that time 
somewhat by feeding upon the eggs 
of their terrifying enemies while 
eluding capture themselves. At 
any rate it is certain that in the 
long struggle for a “'place in the 
sun,” it has been wits rather than 
brute force that has enabled mam¬ 
mals to out-distance competitors. 

INo doubt the mechanism which 
insures “warm-bloodedness,” that 
is, a constant bodily temperature 
independent of changes in the sur¬ 
rounding atmosphere, has much to 
do with the conquest of the earth 
by mammals. By reason of this 
important characteristic they have 
been able to establish themselves 
not only throughout, temperate 
areas but even in dry deserts and 
frigid polar regions. 

While the highly specialized birds 
have sacrificed everything to devel¬ 
oping the power of locomotion by 
flight in air, mammals have chosen 
the better part of improvement 
along the line of the nervous system. 
Achievement in this direction has 
undoubtedly been the greatest of 
all factors in determining the pres¬ 
ent supremacy of the mammalian 



i 



Fin. 48. -A giant “moa, Di- 
norriis , from a mounted specimen 
eighteen feet in height in the exhib¬ 
it of Ihe Government of New Zea¬ 
land at the Panama-Pacilic Expo¬ 
sition. (Drawn by II. R. Meyers.) 
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type. An unusual amount of plasticity and versatility is ex¬ 
hibited among mammals. For example, they vary in size from a 
lield mouse scarc ely more than an inch in length, to whales which 
may attain a length of nearly 100 feet, or well over 1000 inches 
(Fig. 19). 

Mammals are variously fitted for successful life in such diverse 
habitats as on the land (deer); in water (otters); in burrows 

--- (gophers); underground (moles); in open oceans 

(whales); in forests (monkeys); and in the air 
I )_ (bats). 

) Some of the diagnostic characteristics of 
mammals are: (1) hair, at least in embryonic 
Fig. 49. -Sketch life; (2) sweat and sebaceous skin glands; (3) a 
°f a held hhhiso, muscular diaphragm; (1) a larynx, or voice box, 

actual size. °To rep- a * upper end of the trachea; (5) two sets of 
resent theouMine«F differentiated teeth; (6) seven cervical vertebrae, 

thi^sume^rc^u ed ( exce ^ ^ u ‘ an tea ter which has eight, the mana- 
scale would require ,oe arl d two-toed sloth with six each; and the 
a page forty feet three-toed sloth with nine); (7) two occipital 
w,dc - condyles instead of one as in reptiles and birds; 

(8) marrow-filled bones; (9) red blood cells that become enu¬ 
cleated; (10) prenatal uterine life, providing an extended embryonic 
development (monotrernes excepted); (11) milk 
production to supply the first food of the young; 

(12) a single left aortic arch; (13) squamosal- 
den tary articulation of the lower jaw; (11) three 
pairs of middle-ear bones; (15) Meibomian 
glands; (16) upper eyelids larger than the lower; 

(17) external pinna to the ears; (18) lips and 
cheeks; (19) nipples; (20) postnatal care of the 
young by the mother. ^ v ' ^ 

The salvation of the higher vertebrates has 
depended in a large degree upon the replace- Fig. 50.—Young 
merit of inherited instincts by the necessity and Echidna. (After 
ability of learning anew in each generation how to Semon.) 
live. Inherited instincts make it possible for an animal to meet 
life only in a predetermined stereotyped way, but learning anew 
in each generation opens up the possibility of alternatives of ac¬ 
tion, and an eventual development of intelligence and the in¬ 
tellectual life as soon as the anatomical stage is set for it. 
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Living mammals may be arranged in twelve orders, which fall 
into three subclasses: phototheria, metatheria, and eutheria. 

(a) Protolheria. —The prototheria (proto, first; literia, beast), 
or monotremes, comprise a single order, Monotremata, of which only 
three genera are living today, namely, Echidna , Proechidna , and 
Ornithorhynchus. 

They are curious exceptional mammals that lay relatively large 
yolk-laden eggs, from which the young are hatched instead of being 


born alive in ordinary mam¬ 
malian fasl lion. Orn ithorhyn - 
chns incubates its leathery- 
shelled eggs in a shallow nest 
of grasses, while Echidna forms 
a temporary pouch from a fold 
of the skin upon its belly. In 



this portable nest the newly- ckus, an Australian monotmnc 

laid egg is placed and incu- webbed b*» and a dueklike bill, 
i . . , Jneddartl.) 

bated until hatched and the 


with 

(After 




helpless offspring kept through the precarious days of its early 

growth and development. The young Echidna is fed upon a nu- 

tritious substitute for true 

milk, secreted by the mother 

from modified sweat glands, 

which it licks up with its 

long tongue from tufts of 

x, hair on the belly of the 

Fig. 52. -The spiny anteater, Echidna, a mother (Fig. 50). No nip- 
monotreme. (Alter Beddard.) ^ Rre pres( . nt an( j jf they 

were the baby monotreme would not be able to suck, since its lips 
are prolonged into a horny toothless beak, not at all fitted for the 
muscular operation of sucking, but useful later for poking into 
ant-hills after food. 


In Ornithorhynchus the beak is large and flattened, giving rise to 
the name of “duckbill” for this creature, a name all the more 
appropriate because it lives much of the time in water, and has feet 
with webbed toes like those of a duck. The “incredible duckbill” 


is a native of South Australia and Tasmania (Fig. 51). 

Echidna , or the spiny anteater, is found in Australia, Tasmania, 
and New Guinea (Fig. 52). 

Pro'echidna, which is distinguished from Echidna by an unusually 
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long snout that gives it a “ridiculous resemblance to a miniature 
elephant,” is confined to New Guinea. 

( b ) Melalheria.-'-The metatlieria (me/a, after; therm , beast), 
or marsupials, are primitive, or possibly degenerate, mammals 
whose young, born prematurely in an extremely helpless condition, 



Fin. 53.—A young 
marsupia I, Srn ihi hop is, 
with its snout gripped 
by the euplike marsu¬ 
pial pocket, and the 
nipple (represented in 
black) crowded far 
down the throat. (Al'ler 
Brcsslau.) 


are fed upon true milk and carried about in 
a permanent brood pouch, or marsupiam. 

At first the young vest pocketed marsupials 
are unable to exercise the necessary muscular 
clfort involved in sucking, and are securely 
attached in a passive way to the nipple by 
means of a sphincter-like rrioulh (Fig. 53), 
while the female expresses milk from her 
mammary glands down the throat of the 
helpless fetus by the contraction of the ab¬ 
dominal muscles. Later on as development 
advances I lie young marsupial draws its milk 
in the orthodox way like oilier mammals. 

Osborn, in The Aye, of Mammals , cata¬ 
logues 76 genera of marsupials of which 37 
are extinct. The living ones, excepting the 
opossums Didetphys of North, Central, and 
South America, and (Jacnolesfes of Central 
America, are confined to the Australian re¬ 


gion. 


Extinct Eocene genera ranged over what is now Europe, as 


well as both Americas and Australasia. 


It is considered probable that the origin and spread of mar¬ 
supials occurred before the ancient land bridge that joined Aus¬ 
tralia to South America had disappeared, and that those forms 
which became isolated at that time in the marsupial Ark of Aus¬ 
tralia, were afterwards able to continue their handicapped existence 
with comparative success, since they were not brought into com¬ 
petition with the true mammals that developed later on the other 
great continental areas. 

It is a striking fact that not only all of the native mammals of 
Australia were marsupials, but also that they became diversified 
in much the same way as true mammals into different types 
adapted to various habitats. The “koala,” Phascolardos , is a 
bear; wolves are represented by Thylacinus; hyenas, by Sarcoph- 
ilus; cats by Dusyurus; rabbits by Thylacomys; jumping mice by 
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Anlechinomys; woodchucks by Phascolomys; moles by Notoryctes; 
flying squirrels by Pelaurus; and mice by SminlhopLs. The kan¬ 
garoos, Macropus: bandicoots, Perarneles; and opossums, Didelphys 



Fig. 54. —Marsupials. A, the “koala,” or marsupial bear, I’hascolarclos; 
B, “Tasmanian devil,” a marsupial hyena, SurcophHus: C, “wombal,” a 
marsupial woodchuck, Phascolomys; J), marsupial mole, Nolory cles. (All 
after Beddard.) E, Lhc “rock wallaby/’ Pctroyale, a kungaroo. (After Vogt 
and Speeht.) F, Virginia opossum, Didelphys. (From Slone and ('ram, after 
Dugmore.) G, Didelphys , showing the young at the mouth of the* pouch. 
(From Stone and Grain, after McGadden.) 


and Coenolestes , are marsupials that suggest cousins among the true 
mammals to a less degree. 

Some of these marsupials are represented in outline sketches in 
Figure 54. 
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(c) Eutheria .—The eutheria (eu, true; therm , beasts), or placen- 
tals, include all the other mammals, frequently termed “pla- 
centals because they are characterized by the presence of an 
embryonic placenta , which forms a living connection between the 
mother and offspring throughout the long preparatory life before 
birth. 

Arranged according to the degree of specialization which they 
exhibit from the most generalized to the most aberrant forms, the 
orders ofliving plaeentals are: insectivora, derma ptera, chirop- 


TERA, CARNIVORA, RODENTIA, EDENTATA, PRIMATES, UNGULATA, 

sirenia, and cetacea. 

A word of identification and comment about each of these orders 
of true mammals, with examples of a few representative genera, is 
essential in rounding out a roll-call of the vertebrates. 

The insectivores subsist largely upon insects, hence fheir name. 
They are mostly small, sharp-snouted animals with leanings to- 
^-- wards nocturnal or subterranean 


^ life. They include among other 

f genera: the European liedge- 

(' ^ J jff' U hog, Erinacens; the common 

“tenrec” of Madagascar, Cen- 

"W f fries; the moles, of which the 

Fig. 55.—Cornuion mole, Scalopus. common molc of the eastern 

(Atter Schmid.) 

United Stales, Scalopas (rig. 
55), and the star-nosed mole, Condylura, as well as Scapanus of 
the Pacific Coast, are American genera; also the shrews, Sorex , 
and the short-tailed lilarina , both North American representatives. 
Osborn names a total of 45 fossil and 34 living genera of insec¬ 
tivores. 


The dermapterans, which are without fossil representation, are 
set aside in an independent Order, although it is made up of a single 
genus, Galeopilhecus (Fig. 56), a ‘'flying lemur'’ of the Malay region 
that is an anatomical connecting link between insectivores and bats. 

The chiropterans, or bats, are mammalian aviators, rather help¬ 
less when not on the wing, which fly about at twilight by means of 
enormously elongated webbed fingers. While the floppy flight of 
bats is by no means as sustained as the more powerful flight of 
birds, yet, aided by extremely responsive sense organs, these 
creatures are unsurpassed in avoiding obstacles while hawking 
insects in the crepuscular traffic of semi-darkness. 
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The food of bats in general, and of North American bats in par¬ 
ticular, consists practically of insects caught on the wing. In the 
Old World tropics the habit of 
eating fruit has developed on the 
part of certain large bats called ^ 

“flying foxes,” that live upon figs, vk 

guavas, and similar soft fruits. //\*\ \\ 

Another aberrant adaptation in ^ \ 

the cliiropteran type is presented _'X\Ol 
by the blood-sucking vampires of 

Central and South America, that "jj 

have a highly modified saclike 
stomach for the storage of blood 

which they gorge from some un- Fig. 56.—Flying lemur of Mada- 
willing host. Aside from the un- gascar, (laleopilhecus . (After Vogt 
pleasantness of their blood- an(1 Specht.) 
sucking habits, these bats are under suspicion because they may 
be agents for llie transfer of vicious blood parasites. 

Representative bats are the common harmless brown bats, 
Myotis , of cosmopolitan distribution; the “flying fox,” Pteropus , 
of southeastern Asia and the East Indies; and the blood vampire, 
Desmodas , of Mexico and South America. Of 63 genera in Osborn’s 
list only three are extinct (Fig. 57). 

The carnivores have specialized in alertness and brains. They 
are keen, swift, athletic, gladiatorial killers, feeding by preference 

upon the flesh of other animals. 
^ ie * r pl ace the general 
Ip, scheme of things seems to be to 

V_ T keep within limits the prolific 

rodents that in their absence 

^ tend to overrun everything. 

Fig. 57.—An insectivorous bat, Syno- T1 i i u * 

las. (After Vogt and Specht.) ™cy also liave their 

sive ways served in the course 

of evolution as schoolmasters for other mammals, particularly 

the primates to which man belongs, by stimulating self reliance 

and resourcefulness. 




yv^.x' 
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They are represented by 73 living and 113 extinct genera in 
Osborn’s list. The suborder fissipema is made up principally of 
land animals, while the suborder pinnipedia comprises fish-eating 
carnivores that have become secondarily modified for aquatic life. 
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Fio. 58.—Fissipede carnivores. A, wolf, Ganis lupus. (After Beddard.) 
B, coyote, Canis latrans. (From Stone and Cram, after Dugmore.) C, red fox, 
Vulpes fulvus. (From Stone and Cram, after Dugmore.) D, raccoon, Procyon. 
(After Fuert.es, in Nat. Geog. Mag.) E, polar hear, Thalassarclos. (From 
Stone and Cram, after Dugmore.) F, mink. Palorius. (From Stone and Cram, 
after Speight.) G, civet cat of the Orient, Viverra. (After Beddard.) II, striped 
hyena, Hyaena. (After Schmid.) 
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Representatives of lissipede carnivores (Fig. 58) belong to the 
following genera: Canis , dogs, wolves, and coyotes; Vulpes, red 
foxes; Procyon, raccoons; Ursus and Thalassarctos , bears; Mustela , 
martens and their allies; Putorius, weasels and minks; Taxidea , 
badgers; Mephitis , skunks; Viverra, civets; Ilcrpestes , mongooses; 
Hyaena , hyenas; Felis, cats, lions, and their kind; and Cynaelurus , 
the “cheetah” of India, a kind of cat without retractile claws. 

Among pinnipede carnivora (Fig. 59) some representative genera 
are: Otaria, and Zalophus , sea-lions; Phoca , Gystophora , and Cal- 
lorhinus , seals; and Odobaenns , the walrus. 

The rodents, or gnawing animals, with 101 living and 61 fossil 
genera, are the most numerous of all living mammals, particularly 




Fkj. 59.- - Pinnipede curnivoms. A. California sea lion, Zalophus. (From 
Slone and Cram, after Dugmore.) B, Aretie walrus, Odobaenns. (After 
Schmid.) 


as they make up in number of individuals what, they lack in size. 
They are prevailingly plant-eaters and form an important link in 
nature’s chain, since they hand on the sun's energy, stored by green 
plants, to the carnivores which in turn devour them. 

The rodent bloc (Fig. 60) in the Congress of Mammals is 
represented by the following genera: Lepns , rabbits and hares; 
Sciurus , squirrels; Cynomys , prairie dogs; Sciuropterws , Hying 
squirrels; C Hell us, spermophiles; Castor , beavers; Perognalhus , 
pocket mice; Geornys , pocket gophers; Myodes , lemmings; Mas , rats 
and mice; Micro!us , voles; Fiber, muskrats; Zapus, jumping mice; 
Dipus , jerboas; Cam, guinea pigs; Erethizon , porcupines; Peromys- 
cus , white-footed mice; and Marmota, woodchucks. 

The edentates (Fig. 61), are rather degenerate mammals, either 
toothless as the name implies, or with poor chalky teeth. Their 
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center of distribution is South America, for only three of the 18 
Jiving genera are found elsewhere, although the anteaters, Taman- 
duu, Myrmecophaga, and Cyclopes, extend as far north as Central 



Fig. 60. —Representative rodents. A., squirrel, Sciurus; B, prairie dog, 
Cynomys. (Both from Stone and Cram, after Dugmore.) C, flying squirrel, 
Sciuropferns. (From Newman, after Lydekker.) D, heaver, Cantor. (From 
Stone and Cram, after Dugmore.) E, muskrat. Fiber. (From Stone and Cram, 
after Carlin.) F, jumping jerboa, Dipus , of Europe. (After Beddard.) G, por¬ 
cupine, Erethizon. (From Stone and Cram, after Dugmore.) 

America and Mexico, and the nine-banded armadillo, Dasypus 
novemcinda , even into Texas. Of the 36 genera of fossil edentates, 
two are from Europe and Africa, four from North America, three 
from both North and South America, and twenty-five exclusively 
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from South America. Thus it is evident that the center of distribu¬ 
tion of this order is South America. 

The three genera of African edentates, namely, Manis and 
Pholidotus, “pangolins,” and Oryderopus, the “aard-vark” of the 
Boers, are placed by Osborn, for geographical as well as anatomical 
reasons, in a separate order by themselves. 

The topsy-turvy sloths, Bradypus (three-toed), and Choelepus 
(two-toed), are well-named because of their sluggish habits. They 



Fig. 61. —Edentates. A, scaly anteater of Africa, Manis. (After Beddard.) 

B, ground hog, Orycleropils , the “aard-vark” of Africa. (After Schmid.) 

C, three-toed sloth, Hradypus, of South America. (After Schrnid.) D, six- 
banded armadillo, Dasypus. (After Brehm.) 


are awkward defenseless creatures clothed with coarse gray hair and 
equipped with long hooklike claws which enable them to hang 
upside down in the branches of tropical trees, where they depend 
upon their resemblance to motionless masses of “gray-beard 
mosses” for protection from their carnivorous foes. Sidney Smith 
said of them: “Sloths live suspended, and sleep suspended, and 
in fact, pass their whole lives in a state of suspense, like a young 
curate when he is distantly related to a bishop.” 

Of the armadillos besides the nine-banded Dasypus novcmcinctus 
of Texas, already mentioned, there is the six-banded Dasypus 
sexcinctus of Paraguay and Brazil, and the three-banded Tolypeutes, 
all of which roll up in their scaly armor like “pill bugs ” when danger 
threatens, presenting a hard nut for any predaceous foe to crack. 

The extinct giant armadillo, Glyptodon , which was encased in an 
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Fig. 62. Primal es. A, lemur. Tarsi us. (After Ilaacke.) B, long-tailed 
monkey, Aluatta; O, gibbon, Jlylobairs: D, orang-utan, Simla. (After Schmid.) 
E, gorilla, (iorilla. (After Beddard.) E, Gorilla. (After Schmid.) G, chimpan¬ 
zee, Anlhropopithecas. (After Schmid.) 
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armor without bands that would enable it to roll up, was, however, 
so well protected that, like a war tank, it did not need to imitate a 
pill bug. In spite of their armor these giants became extinct and 
their fossil remains are an eloquent memorial to the fact that some¬ 
thing more than passive resistance is necessary in order to main¬ 
tain a species cm the earth. 

The primates, including 39 living genera of lemurs, monkeys, 
apes, and mankind, while not. so highly specialized in many 
ways with regard to bodily structure as the three orders yet 
to be mentioned, stand first in the vertebrate class with respect 
to brain development . Most of the 23 fossil genera of this order are 
lemurs, which probably dwelt in trees just as their modern repre¬ 
sentatives in the forests of Madagascar do to this day. Hav¬ 
ing no urgent need for olfactory snouts that are so important 
for ground-dwellers, their faces became flattened and their eyes 
swung around into a position suited to binocular vision. Their 
arboreal habit resulted in an upright, sitting posture that made 
possible the development of a pair of handy hands and admission 
to the Manual Training School of the Treetops. This was the 
beginning of a wedgelike vista of possibilities at the broad end of 
which lies the intellect ual life. Organs of defense, like scales, claws, 
horns, and hoofs, are not needed by primates since wits take their 
place. 

The plalyrrhine , or broad-nosed, long-tailed monkeys of the 
New World, are racially older and more primitive than the narrow- 
nosed, short-tailed catarrhine monkeys of the Old World. 

Representatives of New T World monkeys are: the little mar¬ 
moset, flapale; the spider monkey. Aides; the howlers, Myceles 
and Alualla; and the Capuchin monkey, Cebus , which has made the 
hand organ famous. Some of the Old World monkeys arc: Papio , 
the mandril; Cynocephulus , the solemn baboon; and Macacus , the 
lively little monkey so often seen serving time behind the bars in 
zoological gardens and menageries. 

There are four genera of living tailless apes, which are as far 
above the monkeys in the scale of intelligence as man is above the 
apes. Ilylobaies includes the long-armed gibbon of arboreal habit 
from southeastern Asia and the East Indies; Simia, the orang¬ 
utan of Borneo and Sumatra; Gorilla , the largest and most power¬ 
ful of all apes; and Anthropopithecus , the chimpanzee, the two 
latter being natives of Africa (Fig. 62). 
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The apes, particularly chimpanzees, are capable of a consider¬ 
able decree of education. They can be taught to wear clothing, dine 
at a table, ride a bicycle, act in moving pictures, smoke a pipe, 
expectorate with precision, and perform many other acts char¬ 
acteristically human. 

Modern man of whatever race or color belongs zoologically to 
a single genus and species, Homo sapiens , Linn., although the name 
of “wise man” is more appropriate for some individuals than for 
others. 

The fossil representatives of man will be considered in a later 
chapter. 

The ungulates are hoofed animals. For the most part they are 
large, rather stolid, plant-feeding creatures, most at ease when 
standing upon their highly specialized feet which are adapted for 



Fic;. 63.—Non-ruminant artiodoclyls. A, peccary of South America, Pecari; 
B, wart hop: of Africa, Phacoc.hoerus; C, Hippopotamus of Africa. (All after 
Beddard.) 

bearing continuous weight by being encased in shoelike hoofs. 
Unlike the soft-footed carnivores that collapse into a reposeful 
recumbent posture at every opportunity only to spring into alert 
activity upon the slightest incentive, ungulates never sit down and 
do not lie down without considerable deliberation and effort. 

The 73 genera of ungulates include many kinds of great utility 
to man. They have also played a notable role in the past history of 
the world, as evidenced by the fact that 204 genera of fossil ungu¬ 
lates are known, many more than of any other order of mammals. 
These numbers are no doubt due in part to the readiness with which 
this group of animals has left fossil evidence of a former existence. 
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Fig. 64.— Representative ruminants. A, dromedary. Camelus dromedarius. 
(After Schmid.) B, camel. (kirnelus (tactnanus . (After Beddard.) 0, llama of 
South America, Auchenia. (After Beddard.) D, chevrotain of India, Tragulus . 
(After Beddard.) E, giraffe, GiraJJa; F, okapi, Okapia. (After Schmid.) 


Living forms of ungulates may be considered under four sub¬ 
orders: ARTIODACTYLA, PER1SSODACTYLA, PROBOSCIDEA, and HYRA- 
COIDEA. 

Artiodactyl ungulates have an even number of toes on each 
foot. They may be grouped into those which swallow their food 
once for all, like hogs and hippopotami, and those that are 
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ruminant cud-chewers, regurgitating hastily swallowed grass or 
herbage for a more thorough mastication later. 

Examples of non-ruminant genera are Stis, the swine, natives of 
Europe which have accompanied man as his domesticated allies 



Fin. 65.— Horned ruminants. A, reindeer, Banqifer. (After Beddard.) 
B, arctic musk ox, Ovihos. (After Schmid.) G, American buffalo. Bison; 
D, moose, A Ices. (After Beddard.) E, antelope, Anfilopa. (After Schmid.) 
F, pronghorn antelope, Anlilocapra. (From Stone and Crain, after Dugmore.) 

the world over; Pecari , the piglike peccaries of South America; 
Phcicochoerm , the wart hog of Africa; Babirusa , the wild boar of 
Celebes; and Choeropsis and Hippopotamus , the four-toed hip¬ 
popotami of Africa (Fig. 63). 
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Ruminant artiodactyls are usually provided with defensive horns, 
either hollow and permanent, like those of a cow, or solid and peri¬ 
odically shed and renewed like the antlers of a stag. 

Representative ruminants are: Camellia, camels and dromedaries, 
the so-called ships of the desert; Auchenia, the South American 
llamas; Tragulas , the deerlike chevrotains of the Orient; Girajja , 
the towering giraffes of Africa; Okapia, the rare curious Congo 
okapi” (Fig. 64); Moschus, the musk-deer of Tndo-China; Cervus , 
the true deer of various countries; Rarigifer, the reindeer of the 
Arctic; Alces, moose and elk; Anlilocapra , the pronghorn antelope 



Fig. 66.—Pcrissodactyl ungulates. A, wild ass of Syria, Egans onanger; 
B, tapir of South America, Tapir us; C, Iwo-horned rhinoceros of Africa, 
Rhinoceros bicornis; D, one-horned rhinoceros of India, Rhinoceros indicus . 
(All from Beddard.) 


of the Rocky Mountains; Gazclla, the gazelle of Africa; Rubricapra , 
the chamois of the Alps; Anlilope , antelopes; Capra, goats; Ovis , 
sheep; Ovibos, musk ox of the Arctic regions; Roephagas, the yak 
of Himalaya; Caloblcpas, the gnu of Africa; Bison, the American 
buffalo; and Bos, domestic cattle of all kinds (Fig. 65). 

Ogden Nash has described the common cow as follows: 

“The cow is of the bovine ilk, 

One end is moo, the other milk.” 

Perissodactyl ungulates are those with an odd number of toes on 
each foot (Fig. 66). The principal genus is Equus, in which are 
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grouped the horse and its allies , the ass and zebra . These animals 
have perhaps the most definitely traced pedigree of all mammals 
since their record goes all the way back by successive links to a 
small four-loud ancestor that was about the size of a fox, and lived 
in h'oeene times. Other porissod act y Is are Tapir us, tapirs of 
South America; and Rhinoceros, the rhinoceroses with a “nose- 



Fjg. 67.—Proboscidea. A, extinct mammoth, Elcphas primujenius. (After 
Schmid.) lb restoration of un extinct dinothere, Dirwfheriurn (jujanleum. 
(After Abel.) C, African elephant, Loxudonta. (After Schmid.) 

spear,” including a two-horned species of Africa and a one-horned 
species of Jndia. 

The proboscideans are the elephants, largest of living land ani¬ 
mals, which are so bulky that they are obliged to walk stiff-legged 
in order to support their tremendous weight (Fig. 67). The heavy 
head is sustained horizontally by a short stout neck, and the ri¬ 
gidity brought about by this arrangement, as well as by the stiff 
uncompromising pillar-like legs, is compensated by the develop¬ 
ment of a ‘‘trunk,” a combination of the nose and the upper lip 
enormously drawn out into a flexible prehensile organ. 

Some proboscideans, such as the mastodons and the hairy 
mammoths of the Ice Ages, became ext inct in comparatively recent 
times geologically speaking, while other less specialized ancestors. 
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as Dinotherinm of Europe and Asia, and Palaeomaslodon of Egypt , 
are considerably more ancient. 

There are two genera of Jiving proboscideans; Elephas , the Asi¬ 
atic elephant; and Loxodonla from Africa. Tlie former species has 
been domesticated in India for a long time. One famous individual, 
“Jumbo,” weighed 63^ tons and was 12 
feet high. For years this gigantic beast 
entertained thousands of children, young Ty^ 
and old, under Barnum as impressario. ^ \ 

Jumbo's monumental skeleton stands in 
the museum at Tufts College. ^ * 

The hyracoideans are coneys or rock (lrohyrax _ (AfUT 15( , ( j ( , urd . 
rabbits,” which, according to the Book 
of Proverbs “are but a feeble folk, yet they make their homes in 
the rocks.” They are small (Mid-chewing animals resembling 

guinea pigs, with hooflike 
tips to their toes. They 
>> ^ 1 include two genera: Den - 

y\ drohyrax (Fig. 68) of Africa, 

and procavia of Syria and 

Fig. 69.- -Atlantic sea cow or manatee, Arabia. 

Trichechus. (From Stone and Cram, after r T -. . , 

Dugmore.) The ^remans, although 

of very different external 
appearance, have certain unmistakable anatomical affiliations with 
elephants and vegetarian ungulates. They are large clumsy water 
animals having a broad 
snout covered with sparse 
coarse bristles and an 
otherwise hairless skin. 

The anterior legs are 
modified into swimming 
flippers, while the hind 
legs are entirely absent. Fig. 70. —Dugong, or Indian Ocean sea cow, 

They are perhaps the IIalicore - (Afler Schmid ) 

animals that have furnished the slender basis of fact from which 
imaginative sailors from time immemorial have spun tales of myth¬ 
ical mermaids and sirens. A less romantic but more apt common 
name for them is “sea cows.” 

Of this order only two genera are represented by living animals, 
that are separated from each other on the globe about as far as it 





74 


BIOLOGY OF THE VERTEBRATES 


is possible, since “manatees” representing the genus Trichechus 
(Fig. 69) inhabit the rivers of the northeastern coast of South 
America and beyond as far north as the Everglades of Florida; 

while the “dugong,” Halicore 
(Fig. 70), lives in the Red Sea 
and Indian Ocean. 

Of the 7 fossil genera one, 
Bhylina stelleri , or Steller’s sea 
cow, has been extinct less than 
200 years. This species first 
became known in 1741 when 

Fig. 71 .—Humpback whale suckling Stellcr, a Russian whaler, was 
her young. (From Buckley, after Scam- shipwrecked upon a small 

nion *^ group of islands in Bering Sea. 

He was saved from starvation by finding a rookery of these 
large sea cows upon which he and his crew fed until rescued. 
During the following quarter of a century Russian whalers with 
human greed and stupidity hunted these valuable food ani¬ 
mals to extinction, for Nordcnskiold, who visited the islands 
in 1768, reported that the last individual of the colony had 





Fig. 72. —Toothed wholes, or ooontoceti. V, “killer,” Orca. (After True.) 
B, porpoise, Phocaena; C, narwhal, Monodon. (After Schmid.) 

been killed. This species of sea cow has never been found else¬ 
where. 

The cetaceans, or whales and their allies, among which are to be 
found the largest known living animals, include the leviathans of 
the oceans. The ancestry of the cetacea is a puzzle for the solution 
of which fossils give scanty aid. Comparative anatomy shows that 
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they bear unmistakable hall-marks of mammalian forbears, such 
as breathing air by means of lungs and feeding the young upon 
milk. Since the mammalian plan undoubtedly originated with land 
forms, cetaceans must have undergone profound modification in 
order to become adapted secondarily to a marine existence where 
their great weight could be supported in water. By reason of their 
warm-bloodedness and a thick blanket of heat-retaining blubber 
under the skin, these 
gigantic animals are 
able to pursue their 
activities even in 
Arctic w aters. 

While in the act of 
nursing, which is obviously accomplished under difficulties, the 
young whale presents a curious resemblance to a small tug at¬ 
tached to the side of an ocean liner (Fig. 71). Twin whales have 
never been reported. 

Whales may be grouped into two suborders; odontoceti, or 
toothed whales that feed primarily upon fishes, and mystacoceti, 
or whalebone whales which, by means of a peculiar brushlike de¬ 
vice of “whalebone” in the cavernous mouth cavity, strain out 
and swallow countless myriads of microscopic ocean inhabitants, 
that constitute for them a nutritious “sea soup” of unlimited 
supply. 

The toothed whales (Fig. 72) are usually not of extraordinary 
size and frequently forage about in their watery hunting grounds 
in schools. Some of them are: Delphinus , the dolphin; Phocaena * 
the porpoise; Grampus , the grampus; Globiocephalus , the “black- 
fish”; Orca, the killer; Monodon , the narwhal, with a single enor¬ 
mous twisted tooth projecting horizontally in front like a pikestaff; 
Physeter , the sperm whale, with teeth only in the lower jaw; and 
Uyperobdon , the bottle-nosed whale. The last two attain consider¬ 
able size. 

Examples of the giant whalebone whales are: Rachiunecles , the 
gray whale; Balaeonoptera , the rorqual; Megaplera , the hump¬ 
backed whale; and Balaena , the right whale (Fig. 73). 

There are 9 genera of fossil cetaceans, and 27 genera of living 
ones, some of which are becoming scarce because they have been so 
relentlessly hunted by man. 

Speaking of whales, John Godman a century ago wrote the 
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following perfect apology for those travelers who return from foreign 
lands with tall stories to tell to those who stay at home: “Large 
as the size of the whale certainly is, it has been much over-rated; 
for such is the avidity with which the human mind receives com¬ 
munications of the marvellous, and such the interest attached to 
those researches which describe any remote and extraordinary 
production of nature, that the judgment of the traveller receives 
a bias, which, in case of doubt, induces him to tlx upon that ex¬ 
treme point in his opinion which is calculated to 
surprise and interest.” 




CHAPTER III 


THE DISTRIBUTION Of ANIMALS IN SPACE 


(C1IOROLOGY AND ECOLOGY) 

L The Point of View 

An observant traveler going from home in any direction grad¬ 
ually leaves behind a familiar world of animals and plants and, if 
his travels are sufficiently extensive, arrives in a land of strange 
organisms for the most pari quite unlike those he already knows. 
He discovers that, no one kind is to be found everywhere, but 
that each kind has its own home territory beyond which it does 
not ordinarily venture. 

In imagination he might 
map out upon the globe 
the home patch, with all 
its irregular boundaries, 
which each of the 600,000 
or more species of living 
animals occupies. Such a 
map would be exceediugly 
complex because the areas 
thus delimited would not 
only be very unequal in 

size but would also over- Fig. 74.-Hypothetical limits of the distri- 

lap each other in a great h, ition of six different species of animals, ar- 
. . n |>| . ranged in superimposed areas. 

variety ot ways like a gi- 

gantio palimpsest. A diagram to express this idea, in which the 
areas of only six instead of 600,000 species are involved, is shown 
in Figure 74. 

Such a picture, moreover, if truly represented, would not be 
definite and fixed but would be a motion picture, presenting con¬ 
stant change like a rotating kaleidoscope, since the frontiers es¬ 
tablished by living things can never remain constant. It is well 
known that animals in the past occupied territory from which they 
are absent today, and that the contrary is equally true. 
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Evidence from fossils, for example, shows that tropical parrots 
and arctic reindeer were once natives at different times of what is 
now temperate France; that elephants formerly roamed over the 
Fniled Stales; and antarctic albatrosses flew over England. Just 
as history records a succession of civilizations, so plant and animal 
life, past, present, and future, presents a shifting scene. 

The locality where any species of animal is found is as much a 
diagnostic characteristic of the kind of animal in question as its 
peculiarities of structure or behavior. It follows that fossils as 
well as any kind of living forms lose much of their value for the 
scientist if the place they come from is unknown. 


11. Ecology and Ciiorology 

The comparatively new biological science of Ecology ( oikos , 
home; logos , discourse) deals with the intimate arrangement and 
behavior of organisms within their respective habitats. Ecology 
may be defined as “scientific natural history.” 

The province of the more inclusive science of Ciiorology ( choros , 
place; logos , discourse) is to determine the general distribution of 
animals and plants over the earth and to discover the why and 
wherefore of their occurrence. Ciiorology is a science for the trav¬ 
eler, while ecology is the science for the stay-at-home. 


III. Habitats 

The immediate surroundings in which any animal is “at home” 
are called its habitat. In general animals are said to occupy either 
a land or a water habitat. Some of Ihe more specific descriptive 
terms applied to habitals are: desert; forest; mountain; subter¬ 
ranean; prairie; meadow; marsh; pelagic; abyssal; pond; marine; 
fluviatile; and estuarial. I bis list of descriptive local areas may 
be almost indefinitely extended according to the minuteness with 
which the details are scrutinized. 

The arrangement of those various kinds of habitals over the 
surface of the globe del ermines to a large extent the distribution 
of living forms. It is obvious, for instance, that arboreal animals 
are not to be expected in the open ocean, which constitutes about 
three fourths of the entire surface of the globe, and much less are 
fishes to be discovered in waterless deserts. 

Animals found living successfully in any habitat must be meas¬ 
urably adapted for life conditions there, although there are many 



DISTRIBUTION OF ANIMALS IN SPACE 


79 


cases in nature of imperfect adaptation where a square peg is 
attempting to fill a round hole, and vice versa . The usual result in 
such a misfit is that the peg either explores until it finds ils proper 
hole, or gradually changes to fit the hole that it is in. Both hole and 
peg are changeable things but the initiative of change belongs not 
to the hole but to the peg. 

All habitats are not occupied by animals and plants adapted to 
live in them. The prevalent idea, for example, that climate de¬ 
termines the distribution of organisms is largely erroneous. There 
are no grizzly bears in Switzerland, no birds-of-paradise in Cali¬ 
fornia, and no “snakes in Ireland,” although the climate in each 
case is suitable for the absentees. The equatorial forests of Africa 
and South America have practically I he same climate, yet the 
former region is characterized by elephants, apes, leopards, 
giraffes, and guinea fow l, while the lat ter has none of these animals 
but does support tapirs, long-tailed monkeys, jaguars, and toucans, 
which are never found in Africa. 

So long as mankind was satisfied with the naive supposition that 
the earth had been arbitrarily populated by independent acts of 
special creation, much as a person might arrange chessmen upon 
a board, there was no sense nor object in developing a science of 
chorology. There was nothing to explain. Leopards, for example, 
were in Africa and jaguars in South America because they were 
placed there, newly-made, in the beginning. The lw r o kinds of 
large cats were entirely independent in origin and without any 
relation to each other. When the conception, culminating with 
Darwin, that all organisms are more or less related to each other as 
descendants of common ancestors, and that every species arose in 
the course of time by modification from some other species, then 
the manner of distribution over the earth became full of significance, 
seriously challenging the attention of thinking people. 


IV. The Laws of Distribution 

Three laws governing the distribution of animals were formulated 
by Jordan and Kellogg in Animal Life , which may be stated 
as follows: Every species is found everywhere unless (1) it was unable 
to get there; (2) having “got there,” it was unable to stay; or 
(3) having arrived it became modified into another species. It 
will be profitable to consider these laws briefly. 
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First, it is not the suitability of a habitat so much as its acces¬ 
sibility from a place of origin, that determines the presence of an 
inhabitant. For instance, there are no hummingbirds in Africa, 
while there are over 450 species in South and Central America, 
not because Africa itself is unfavorable to hummingbird occupa¬ 
tion, but, because these tiny fairylike creatures have never been 
able to cross the wide oceans separating their ancestral American 
home from faraway Africa. 

•s 

Second, there are many instances of animals and plants that 
have succeeded in invading new' territory, but have been unable 
to hold their own there. INot all pioneers become settlers. Several 
years ago the I ! . S. (iovernment. introduced a herd of camels after 
an adventurous sea voyage into the semi-arid region of the South¬ 
west, and allowed them to run wild in the hope that they would 
multiply, spread, and eventually form a valuable addition to a 
region inhospitable to most large animals. The environment was 
very like that from which the animals came and the experiment 
might have proved successful but, as lias been asserted, for the 
unfortunate fact that local cowboys, with little regard for conse¬ 
quences, had so much sport periodically rounding them up and 
putting them through their paces, that the strange incongruous 
beasts were literally worried to death. 

Third, successful invaders may win out in occupying new ter¬ 
ritory at the expense of their own specific individuality. They are 
the adaptable round pegs thrown into new habitats of square 
holes, that nevertheless remain and square themselves to lit the 
new holes. They are the immigrants that have deserted the ways 
of their mother country and become naturalized in the land of 
their adoption. A classical illustration of cases of this kind, cited 
by Darwin in The Origin of Species , is that of animals upon the 
Galapagos Islands off the northwest coast of South America. Of 
26 species of land birds found upon these islands, 25 species are 
similar to, but still specilically different from, those inhabiting 
continental land a few' hundred miles away. The interpretation 
given by Darwin is that when the Galapagos group was separated 
from the mainland in recent geological times, a new habitat was 
formed in which various individuals of continental species were 
isolated. In course of time 23 of these species gradually changed 
until, under the molding influence of isolation, each had grown to 
be sufficiently different from its original mainland ancestors and 
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cousins, to rank as a different and distinct species. These facts so 
impressed Darwin that lie began to think about the origin of 
species, with the fortunate result, that subsequently a great many 
other people were induced to think about the same subject. 

To these three laws of distribution may be added a fourth, 
namely: Each species originated historically from some preceding 
species at some definite place, and its present distribution is the re¬ 
sult of two opposing forces, expansion and repression. 

\ . Malthils' Law of Overpopulation 

It would be as impossible for an unrestrained gas to remain in 
one place, as for any species of animals or plants to forego the 
attempt to occupy unoccupied territory to which it has access. 



herent in the reproductive processes of all organisms, a condition 
formulated by IVlalthus (L7(>(>-I881) in his “ Law of Overpopula¬ 
tion.” For example, when a single codfish produces 9,000,000 eggs 
in one season, it is obvious that infant mortality must, come to the 
rescue, else in a few generations every available inch of space in 
the ocean would be preempted by codfish, liven slow-breeding 
animals like elephants, which produce perhaps six young in a 
lifetime of a hundred years, would, according to Darwin, require 
less than 800 years tp produce from a single pair nearly 19,000,000 
elephants. Allowing 20 feet, of space for each elephant, this would 
make a continuous parade, which would have delighted Jiarnum, 
reaching nearly three times around the world at the equator. 
Elephants and codfish, however, do not multiply out of all bounds 
as the above theoretical figures suggest, for the expansive forces 
of reproduction are kept in control by opposing repressive factors, 
year in and year out, which maintain a balance in nature. 

VI. Factors Inducing Expansion 

1. THE FOOD PROBLEM 

Somewhere in one of his delightful essays, Dr. Samuel McChord 
Crothers presents the illuminating statement that “the haps and 
mishaps of the hungry make up natural history.” There is no 
doubt that the insistent need for food, as expressed by hunger, 
is a mainspring of animal activity that, like a centrifugal force, 
compels animals to go forth in the quest of what they may devour. 
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Even among higher animals which exercise parental care, there 
comes a time when the young may expect no longer to share food 
with their parents but must seek fresh pastures. It would be 
disastrous, to illustrate with a botanical instance, if the acorns 
produced by an oak tree all remained to grow up within the pa¬ 
rental circle. 

Not only is there competition for food and place among animals 
and plants of a kind, but there is also severe rivalry between dif¬ 
ferent kinds of creatures for the same food supply. The miscel¬ 
laneous company which at any time sits at Mother Nature’s table, 
does not always, or even often, observe the restrained table man¬ 
ners of polite society, so that there is every inducement to go else¬ 
where. 


2. CHANGE OF HABITAT 

Another general factor that cause's organisms to spread, is 
change in the habitat occupied. Such a change may be temporary, 
like the drying up of ditches and streams that alfecls aquatic 
organisms, or it may be permanent, like deforestation at man’s 
hands, which leaves arboreal animals homeless and leads to flood 
conditions. 

It. may be sudden and catastrophic, like a prairie fire or a flood, 
forcing all sorts of animals to flee at once for their lives; it may 
be gradual like the change of seasons, when winter succeeds sum¬ 
mer; or it may be so very slow I hat it extends over generations in 
time, like the relentless dawn of a glacial period. 

In all cases, however, when an environment becomes unfavor¬ 
able, there are at least four alternatives open to the inhabitants: 

(1) organisms may simply succumb to the environmental change, 
completing their normal life cycles before The unfavorable condi¬ 
tions befall, as in the case of annual plants and most insects; 

(2) they may retire from active life and mark time while the un¬ 
favorable conditions last, as do hibernating animals arid encysting 
protozoans, or trees that shed their leaves in winter and “hold 
their breath” until spring; (3) they may remain plastic enough to 
change themselves as the environment changes, thus keeping pace 
by adaptation to new conditions; or (1) they may forsake unlivable 
surroundings and seek a more favorable place to carry on, like 
migrating birds, grasshoppers, and emigrants of all kinds. This 
latter alternative of migration, brought about by change in the 
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habitat, plays an important role in the distribution of animals and 
plants. 

VII. Means of Dispersal 

The ways and means, direct and indirect, that are employed by 
organisms for dispersal, furnish a fascinating chapter in natural 
history. Only a few of the most common agents may be mentioned 
here. 

Among plants wind is an important agent. In many instances 
seeds are rigged with ballooning or parachuting devices, or are 
so light as to be easily borne upon currents of air. The liny dust¬ 
like seeds of certain orchids, for instance, have been known to 
float in air from Holland across the North Sea, while molds testify 
to the efficiency of air movements in scattering spores of these 
ubiquitous organisms everywhere. 

Over 60 species of North American birds have been reported, 
which have reached Europe and become established there by being 
borne out of their migratory routes by winds, while flying insects 
like grasshoppers are frequently assisted in their widespread move¬ 
ments by air currents. 

Water furnishes another highway for travel. The uneasy tides 
keep the congested inhabitants of the seashore constantly stirred 
up and on the move, while llowiug streams and ocean currents act 
continually as agents in the involuntary transfer of all sorts of 
organisms from one place to another. Even floating icebergs are 
precarious rafts upon which stray arctic animals are sometimes 
borne some distance into new regions. 

Animals themselves assist each other in dispersal in a multitude 
of ways, as stowaways, kidnappers, and “ thumbies.” The larval 
glochidia of certain sluggish fresh-water clams of the genera Unio 
and Anodonta, fasten themselves to the gills of swiftly moving 
fishes, thus stealing a ride to some distant point in the stream 
where they detach themselves and set up their semi-stationary 
housekeeping in a new place. Parasites naturally go wherever 
their hosts go, and so are introduced into the society of new hosts. 
Animals are particularly useful agents in scattering the seeds of 
plants. “Sticktiglits" and burrs of all sorts are makeshifts on the 
part of plants to steal a ride by attaching to passing animals. 
Seeds of various kinds too are embedded in attractive fruits with 
the result that they are eaten by animals and so deposited in some 
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new locality after passing unscathed through the digestive tube 
of the traveling host. Thus cherry bushes are planted beneath a 
wood thrush’s nest, and fences along the waysides are draped with 
poison ivy by feathered conservationists. 

The mistletoe, which grows parasitically as an air plant attached 
to the bark of trees, presents an extreme instance of distribution 
through animal agency. Doves eat the seeds of the mistletoe, 
because they are encased in alluring sticky berries. Frequently it 
happens, much as when the traditional small boy emerges from the 
jam closet, that remains of the feast adhere around the margin 
of the mouth. The dove ilies away to another tree where it per- 
forms its toilet by wiping a sticky beak with the adhering seeds upon 
a branch. The seeds arc wiped oil’ in this way and stuck to a fresh 
branch in the exact location favorable for the growth of a new 
epiphytic plant in a new place. 

Of all animals man, however, has probably done more than 
any other in furthering the spread of organisms. In many in¬ 
stances this has been done intelligently and to the ultimate 
benefit of man himself, as in the case of cultivated plants and 
domesticated animals. The biological landscape has been changed 
almost everywhere by the transforming hand of man. Crops 
of various kinds dot the surface of the globe where wilderness 
once flourished, while introduced flocks and herds roam in safety 
over territory once the possession and battleground of native 
wild animals. 


Frequently man has made serious mistakes from the human 
standpoint in meddling with the balance of nature. The introduc¬ 
tion of that oversuccessful “avian rat,” the Fnglish sparrow, into 
the society of American birds lias been many times regretted by 
man on acoouut of injury to native birds with which it comes into 
competition. The bloodthirsty mongoose, that was brought to 
Jamaica and also to Hawaii to kill rats infesting sugar cane fields, 
proved to be an efficient rat exterminator, but it went further 
and destroyed other animals, particularly chickens. As a re¬ 
sult poultry-raising in these islands has been seriously interfered 
with, and now a price has been set on the head of every mon¬ 


goose. 

Several years ago a gentleman in Medford, Massachusetts, who 
conceived the idea that some more hardy insect than the silkworm 
might be found to spin silk, and at the same lime feed upon less 
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restricted food than mulberry leaves, brought back from Europe 
a few gipsy moths, Porthetria dispar , to use in experiments. The 
box in which they were contained, so the story goes, was acciden¬ 
tally knocked out of an open window and some of the moths es¬ 
caped, but for the time the incident was forgotten. This was in 
1869. By 1889 the descendants of these chance immigrants had 
prospered to so great an extent that the people around Medford 
became alarmed and a town meeting was held at which $300 was 
appropriated to fight the pests. “In that summer,” the record 
shows, “the numbers were so enormous that the trees were com¬ 
pletely stripped of their leaves, the crawling caterpillars covered 
the sidewalks, the trunks of the shade trees, the fences, and the 
sides of the houses, getting into the food and into the beds." Dr. 
Lutz in his Field Book of Insects published in 1921 wrote: “Millions 
of dollars have been spent in an effort, so far unsuccessful, to free 
us from the invader, and the most that has been done lias been to 
confine it to New England.” 

The white cabbage but terfly, Pieris rapae , first came to America 
from Holland in a sloop load of wormy cabbages landed at Quebec 
in 1861. Twenty years later, according to the Department of 
Agriculture at Washington, it. had colonized America on the At¬ 
lantic Coast and from Hudson's Bay to Florida. In 1886 it had 
arrived at Denver, and in 1900 had reached the Pacific Coast, 
having accomplished the conquest of the entire United States and a 
part of Canada, thanks to cabbage growers, in less than thirty 
years. 

Shipworms, Teredo , on the outside, and rats on the inside of 
the hulls of vessels have spread themselves the world over wherever 
shipping has gone. In 1827 mosquitoes, traveling as “wigglers” 
in the bilge water of a sailing vessel carrying missionaries, arrived 
at the Hawaiian Islands. Both missionaries and mosquitoes have 
prospered since then and made the islands their own. 

Several years ago a marble statue, made by the sculptor Thor- 
waldsen in Italy, was set up in Copenhagen. As an accidental result 
it is said that twenty-five species of Italian weeds, the seeds of 
which were in the straw packing around the statue, made their 
appearance in the immediate vicinity. 

Similar instances could be indefinitely multiplied of the effects 
of the interference of meddlesome man with the natural arrange¬ 
ment of organisms in space. 



86 


biology of the vertebrates 


VIII. Factors of Repression 

Among various factors which hinder world conquest on the part 
of any single species of animals or plants, are: (1) inadequate means 
of dispersal; (2) non-adaptability to new conditions; and (3) barriers 
of different kinds. 


1. INADEQUATE MEANS OF DISPERSAL 


The difficulties of “getting there" are not especially apparent 
in the case of free-moving animals like birds and insects. They 
become very real, however, as w ell as serious for many organisms 
whose structure is not particularly adapted for locomotion over 
considerable distances, yet the race is by no means always to the 
swift. The story of the tortoise and the hare finds plenty of paral¬ 
lels in nature. 

When Could, with his searching eye for inollusks of all 
kinds, wrote A Report on the Inverlehrata of Massachusetts in 
1811, he made no mention of Liitorina lilorea , a small familiar 
periwinkle that at present is one of the commonest and most 
abundant species of snails along the Atlantic Coast. In 1855 
Morse found a few of these animals in the Bay of Chalcur at. the 
mouth of the Saint. Lawrence river, which had been accidentally 
brought over in ballast from their original home in Europe. By 
1875 Verrill reported two as a rare find at Woods Hole, Massachu¬ 
setts, several hundred miles to the southward, and in 1880 Smith 
found the first one to be noted as far south as New Haven, Con¬ 
necticut. 


Another example of the surprising spread of an animal handi¬ 
capped by poor methods of locomotion is t hat of Sagartia luciae , 
a small semi-transparent sea-anemone that lives attached to stones 
in the tidal zone. It was discovered at New Haven by Verrill in 
1892, who named it luciae in honor of his daughter Lucy. In 1895 
it was reported at Newport, 11. L; in 1898 at Woods Hole, Mass.; 
in 1899 at Nahant, Mass.: in 1901 at Salem, Mass.; and in 1903 at 
Cold Spring Harbor, Long Island, N. Y., where it is now abundant. 
Thus this “stationary” animal spread itself over several miles of 
coast line within a single decade. 


2. NON-ADAPTABILITY TO NEW CONDITIONS 

The non-adaptability of organisms to new habitats, which they 
may have invaded, is doubtless much greater than appears on the 
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surface, for it surely acts as a deterrent to their spread. Successful 
invaders that gain a new foothold and retain it, catch the eye and 
claim attention, while unsuccessful ones which reach the Prom¬ 
ised Land but are unable to establish themselves there, escape 
attention and pass unnoticed. 

Many plants that thrive under cultivation, like maize or Indian 
corn, appear lobe unable to maintain themselves in nature when 
by chance they are allowed to run wild. 

The yellow fever mosquito, Sfegomyia fas data, fortunately does 
not succeed north of a certain dead-line, although no doubt it lias 
repeatedly crossed this invisible limit, like the English ivy that 
clothes the walls of southern buildings in luxuriance, but fails to 
grow well in more northern situations, in spite of being repeatedly 
planted and nurtured there. 


3. BAHH1ERS 


Barriers which check or stop organisms on all sides are at least 
three in kind: physical, guoc.raphical, and biological. 

Temperature is a widespread jthysical barrier. The exclusion of 
“cold-blooded ” animals, such as amphibians and reptiles, from the 
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HORIZONTAL TRANSITION FROM EQUATOR TO NORTH POLE 

Fig. 75.—Diagram of the general parallel sequence of organisms in altitude 

and longitude. 

occupation of lands of prevailingly low temperatures, is quite evi¬ 
dent. In general temperature zones extend not only in latitude north 
and south from the equator, but also in altitude in a parallel suc¬ 
cession from tropical sea level to high mountain peaks (Fig. 75). 
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III the ocean, pressure acts as a barrier that stratifies the inhabit¬ 
ants within certain limits to which they have become specifically 
adapted. Deep-sea fishes cannot pass freely from abysses to surface 
waters, nor ran pelagic forms sink far below and survive. Similarly 
in the air there is an upper allilude limit beyond which flying birds 
cannot rise. 

Humidity sets up a barrier which, according to its degree, is 
largely impassable to exploring organisms, dependent upon a cer¬ 
tain optimum of moisture. 

Link! is anot her physical barrier that halts the traffic of nocturnal 
darkness-lovers, although it usually has more of an ecological than 
ch<>rol(>gical beari i ig. 

Geographical barriers are such features of the earth’s surface as 
oceans, land masses, rivers, mountains, waterfalls, deserts, forests, 
and the like. \ barrier to one organism, however, may be a highway 
to another. Thus, a desert would form an impassable barrier to a 
squirrel but not to a camel, while a forest in which a squirrel would 
revel would prove an effectual barrier to a camel. 

Biological barriers are bound up in the first place with the eternal 
food problem, since absence of food of a particular kind in a region 
may prevent the advance of invading animals, while poverty of 
soil discourages occupation by plants dependent upon the miss¬ 
ing soil constituents. 

Secondly, biological barriers often take the form of other animals, 
by habit predaceous or parasitic, which hinder or forbid advance 
in certain directions. 

Thirdly, the greatest biological barrier of all is man, since he is 
able to control the forces of nature far more than any of his ani¬ 
mal allies. It should also be pointed out that limiting biological 
barriers may exist within animals themselves in the form of 
scanty wits, lack of initiative or adaptability, causing failure to 
enter into new' areas even though the door of opportunity swings 
wide open. 

If the factors of expansion and repression were equal in all 
directions, the area occupied by each species would remain 
constant as a perfect circle, but such a condition is un¬ 
known. The irregular shapes and boundaries of claims actually 
staked out in nature by various organisms proclaim the com¬ 
plex interaction of the fundamental opposing forces that deter¬ 
mine distribution. 
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IX. Classification of Life Realms 

An attempt lias been made by chorologists to divide the land 
masses of the world into life realms, according to the distribution 
of animals and plants. Such realms in rio way coincide with the 
familiar political boundaries that separate nations from each other, 
being much more indefinite in their limits. 

It is evident that life realms must vary according lo the kind of 
animal or plant inhabitants selected to serve as determinants. 



Fig. 76. Mercator map of the world, divided into zoological regions and sub- 
regions. (According lo Wallace. 'Compare with Table on page 90.) 


Perhaps the lirsl serious attempt to divide the earth into zoological 
realms was made in 1851 by Sclater, who based his conclusions upon 
the distribution of birds. There are, however, very apparent ob¬ 


jections to utilizing vagrant and barrier-defying creatures like birds 
for this purpose. Accordingly Murray in 1866, and more in detail 
Alfred Russell Wallace in 1876, divided the surface of the earth 
into zoological regions based chiefly on the distribution of mammals. 
Reptiles, amphibians, fresh-water fishes, insects, and spiders have 
each in turn been used as the foundation for zoological map making, 
as well as various combinations of animals, but mammals un¬ 
doubtedly present the most advantages for this purpose. The reason 
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for this lies in the fact that mammals are warm-blooded, capable 
of occupying a greal range of habitats, and being the most recently 
evolved large group of animals on the earth, have not had as much 
time as other types of animals to radiate from their centers of origin, 
with consequent confusion as to which species are native or en¬ 
demic, and which introduced. 

Wallace’s classification consists of six large regions, each divided 
into four subregions, as indicated in the accompanying table. 
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This table shows also the number of different families of mammals 
represented in each of the 24 subregions. 1L will be seen that bats 
(Chiroptera) are most generally represented, there being no sub- 
region that does not have at least one of the live families of bats 
within its liorders, while whales (Cetacea) do not appear at all, 
because they are not definitely associated with any land masses. 
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The richest subregion so far as numbers of mammalian families 
goes is the South African , although the East African , West African , 
Indo-Malayan, and Mediterranean are likewise conspicuously popu¬ 
lous. The poorest is the New Zealand subregion that has no native 
mammals with the exception of two families of bat s. 

The mercator map of the world (Fig. 76) shows roughly the 
ext ent, of each of Wallace’s regions and subregions. 

The study of chorology furnishes the key for solving such puzzles 
as (1) why related species, like the edenlales in South America, 
are found in the same continental areas; (2) why areas physically 
alike, as Africa and South America, have different kinds of in¬ 
habitants; (3) why an original center 1'or a species, like Wyoming 
for lemurs, may have no living representatives today; and (1) why 
regions near together, for example, Florida and the Bahamas, may 
have <|iiite diverse faunas and floras, while regions remote from each 
other, like North America and Eurasia may have many similar 
forms. 



CHAPTER IV 


T11E DISTRIBUTION OF ANIMALS IN TIME 

(PALAEONTOLOGY) 


I. Vanishing Species 

It is quite as essential to an intelligent understanding of living 
organisms upon the earth today, to have some vision of the long 
pageant of preliminary life in the past, as it is for a statesman to 
be well versed in the history of events leading up to the state of 
affairs with which his present problems lire involved. 

Specirs of animals and plants, like individuals, pass through 
successive stages that resemble the phases of a single life. Expand¬ 
ing childhood, vigorous youth, sustained maturity, and decrepit 
old age succeed each other only to end inevitably in death or ex¬ 
tinction. Sometimes a species like an individual may complete 
its life without leaving any issue behind, but oftener, in the long 
course of its existence, it somehow gives rise to species dilferent from 
itself, a process which has brought about the infinite diversity of 
living forms that connect monad with man. 

Certain conservative kinds of organisms that are well adapted to 
their niches in nature persist, retaining their characteristics with¬ 
out significant evolutionary advance for unthinkably long periods 
of time, while other species, exhibiting a wider range of variability, 
live a faster, more diversified life and advance more rapidly along 
the transforming highway of evolution, only to meet extinction 
sooner. The brachiopods, Lingula and Terebratula, for example, 
the modern living representatives of which are hardly to be dis¬ 
tinguished from remote fossil ancestors found buried in the most 
ancient sedimentary rocks, are instances of conservative species 
that have shown almost no progress, while trilobites, ammonites, 
pterosaurs, and dinosaurs are large representative groups of more 
ambitious animals, of astonishing diversity of form and structural 
detail, which have long since paid the death penalty for their high 
degree of specialization. 

Examples of all stages of the process of coming to an end on the 
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part of a species may be cited. For instance, among birds the ivory- 
billed woodpecker and California condor are probably marked for 
extinction in the near future. This is not so much because they are 
being crowded off the earth by dominant man as because they are 
in the biological blind alley of overspecialization with a consequent 
lack of ability to adapt themselves to changing conditions, which 
means that they are nearing the end of their organic resources. 
In fact, birds taken as a group are so highly specialized that they 
have no future evolutionary escape, since that is possible only in 
generalized types having capacity for further adaptation. 

There arc people now living who remember the hordes of pas¬ 
senger pigeons that formerly darkened the skies, but the last in¬ 
dividual of this species died in captivity only a few years ago, while 
the passing of the dodo, the great auk, and Steller’s sea cow are 
matters of recently recorded history. The hairy mammoth, New 
Zealand moa, sabre-toothed tiger, and woolly rhinoceros came to 
their end just before Ihe beginnings of recorded human history. 
Back of these recent antiquities stretches a long interminable line 
of various species whose chapter of existence closed so long ago 
that our ordinary measures of time entirely fail to express the fact 
adequately. 

There is no doubt that living species number but a small frac¬ 
tion as compared with vanished ones formerly peopling the globe, 
whose race has long since been run. 

The dawn of life is unknown, for the oldest sedimentary rocks in 
which the first known evidences of life appear yield a wide variety 
of forms, such as protozoans, sponges, corals, jellyfishes, echino- 
derms, worms, brachiopods, mollusks, and trilobitcs. This means 
that the great Canterbury Pilgrimage of organisms had already 
been traveling for some time along the evolutionary road, before 
we catch our first glimpse of the pageant. 


II. Fossils 

Fossils are nature’s hieroglyphics. They include the sum total 
of our actual documentary evidence of organic evolution, and 
besides form the alphabet in which the language of biological his- { 
tory is written. Sir Charles Lyell, the eminent geologist who did 
so much to influence young Charles Darwin at the beginning of his 
career, defines a fossil as “any body or traces of body, animal or 
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vegetable, buried and preserved by natural causes.” Every fossil 
is cither ancestral to some living tiling, or is representative of an 
extinct line. 

The science of fossils, or the ancient history of animals and plants, 
is called Palaeontology. 


1. FORMER IDEAS ABOUT FOSSILS 

Fossil remains of animals and plants, although known for a 
long time, have been variously misunderstood in the past. To 
Aristotle and the ancients they were artificial results of spontaneous 
combustion, or abortive attempts of inorganic matter to take on 
the form of life. Empedocles, who found fossil hippopotamus bones 
in Sicily, thought he had discovered a battle-ground where gods and 
titans fought. Henrion, in 1718, regarded fossils as molds and casts 
left over in the creation of animals and plants, lie was the cock¬ 
sure writer who reported that the height of Adam was 123 feet 
and 9 inches, but since he carelessly neglected to specify whether 
or not the measurement was taken in his “stocking feet,” and as 
lie did not make clear how he arrived at his result, his opinion is 
regarded with some suspicion by modern science. 

As late as 1823 William Buck land of Oxford wrote learnedly of 
fossils under the title, On Observations on Organic Remains at - 
testing the Action of a Universal Deluge. Lyell states that it took 
a hundred and lifty years of dispute and argument to persuade 
scholars that fossils were really remains of what were once living 
organisms, and a hundred and fifty years more to convince them 
that they were not the results of Noah’s flood. 

Today a vast number of fossils have been recovered from oblivion 
from many parts of the world, and together they present a most 
illuminating and convincing mass of evidence concerning the ancient 
inhabitants of the earth. Even when fragmentary and imperfect, 
as most of them are, they furnish irrefutable proof of vanished life. 
The only questions that arise about fossils today concern the resto¬ 
ration of missing parts, the period or geological horizon when they 
Jived, and their place in the evolutionary series. Dr. Lull of the 
Peabody Museum at Yale University, whose wide knowledge of 
fossils gives weight to his opinion, declares that “of the finally 
established facts which the fossils proclaim, we are as certain aa 
we are of anything in this world.” 




Fig. 77. — A fossil medusa, IViizosi unities. from the lithographic slate of Solen- 
hofen, Bax aria, showing that even the most delicate organisms may become 
fossils. (Much reduced in size. The original specimen is in the collection of 
U. S. Nat. Museum.| (From Walcott.) 


tive in the past are not at work today. The great majority of 
individual animals and plants do not become fossils, but return at 
death to their inorganic origins along the route of decay, or by 
being devoured by animals. 

It is usually essential that hard parts like bones, teeth, shells, 
scales, or chitin be present, and that the conditions for natural 
burial and the exclusion of air be such as to aid in the preservation 
of these parts. 

However, Dr. C. D. Walcott has published a book of unexpected 
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facts concerning Fossil Medusae , in which are pictured a great 
variety of these fragile creatures which succeeded in leaving a fossil 
record of themselves in spite of the fact that their jellylike bodies 
had no hard parts, and were over 95 per cent water (Fig. 77). 

The manner of burial in fossilization may be sudden and catas¬ 
trophic, as by landslide, earthquake, devastating Hood, over¬ 
whelming sand storm, or by a rain of volcanic ashes such as fos¬ 
silized the entire cities of Herculaneum and Pompeii, or it may be 
exceedingly slow, as in the formation of sedimentary rock under 
water, the incrustations resulting from immersion in mineral- 
impregnated hot springs, or by the drip of limy water which forms 
stalactites and stalagmites in limestone caverns. 

Quicksands, swamps, and bogs may engulf animals also and thus 
favor fossil formation by preventing rapid decay through the ex¬ 
clusion of air. As a matter of fact “bog water'’ is said to possess 
antiseptic properties to a remarkable degree. 

Amber, which is fossilized pitch, or the solidified juice of resinous 
plants, furnishes another kind of burial place. Insects crawling on 
the trunks of ancient conifers, that became entangled in the 
sticky exudations there, have succeeded far better than any ancient 
mummified Egyptian, dreaming of immortality, in perpetuating 
their mortal bodies intact in a world of universal decay. 

At Rancho la Brea, near Los Angeles, California, there are 
famous asphalt beds in which at some time long ago a great variety 
of animals, horses, tapirs, llamas, elephants, mastodons, giant 
sloths, huge wolves, lions, and sabre-toothed tigers, were not 
only entrapped and kiiled but were also preserved as fossils. 

In detritus-filled caverns where dying animals have retreated, 
fossils are frequently found. 

Sixty miles north of the Arctic Circle at Beresovka, in Siberia, 
a mammoth was discovered in a pit, frozen and so perfectly pre¬ 
served in ice that some of the flesh was eaten by the discoverers, 
many thousand years after it was accidentally placed there in 
cold storage. This was not an isolated case. IJp to 1923 some forty 
other instances of frozen carcasses of mammoths have been reported 
in northern Siberia. 

On oceanic islands, such as the Chincha Islands off the coast of 
Peru, where for long periods of time sea birds have resorted to nest 
and where there is scarcely any rainfall, the dried excreta of birds, 
commercially known as “guano,” is deposited, frequently to a 
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depth of several hundred feet, forming a natural burial place for 
organic remains. 

In the Peabody Museum at Yale University is the skeleton of 
an extinct species of ground sloth, Nolotheriurn , that was recovered 
from a cave in New Mexico where it was buried and preserved in 
bat guano. The preservation was so complete that it was possible 
to determine by the stomach contents that it died in the spring of 
the year, and that the vegetation of Pleistocene times was prac¬ 
tically like that of today. 


3. USES OF FOSSILS 

Fossils, as Dr. Joseph Leidy many years ago quaintly said of the 
Protozoa, are chiefly useful as “food for the intellect.” 

Among various intellectual uses to which fossils are put, not 
the least is that of “faith testers,” so called by good people alarmed 
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Fig. 78.— The evolution of the modern horse, Equus. (Afler Mutthew.) 


at the silent evidence thus presented of the great antiquity of the 
earth which they had been taught to believe had been created only 
a few thousand years ago. To the scientist these “medallions of 
creation” show first of all something of the racial history of animals 
and plants . In the absence of direct evidence, the past history of 
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most animals and plants must remain largely a matter of con¬ 
jecture, but t here are some authentic instances of modern animals 
whose ancestral modifications are written very legibly in the fossils 
that have been found. For example, the horse has a well estab¬ 
lished family tree extending backward without serious gaps for at 
least three million years to the little lbur-toed ancestor, Eohippus , 
of Eocene days. The actual fossil evidence for this remarkable 
pedigree may be seen by any visitor at the American Museum of 
Natural History in New York City, or at the Peabody Museum of 
Yale University in New Haven (Fig. 78). 

Fossils are furthermore useful as indicators of past climatic con¬ 
ditions on the carl Ik The discovery of fossil palms in Wyoming, 
breadfruit in California; ferns in Greenland; reindeer in France; 
and musk oxen in Kentucky, records the indisputable fact that pro¬ 
found changes in climatic conditions have occurred in all of these 
places in the past. 

Fossils also serve as measures of geologic time . Just as the date 
upon the corner stone indicates the year when the building was 
dedicated, so the presence of certain types of fossils in a particular 
stratum of sedimentary rock indicates the approximate time when 
those rocks were laid down. Or to state the value of a time measure 
by a further comparison, just as the character / instead of 5 on the 
page of an old book measures the limit of its publication by the 
year 1800, about which time the character .s* replaced / in general 
use, so the presence of a time-dating fossil on a geologic page 
measures the limits of its formation. 


4. KINDS OK FOSSILS 

The follow ing classification of dillerent kinds of fossils is modi¬ 
fied from that given by Professor R. M. Field in Science for 
June 23, 1920. 

I. Those furnishing direct evidence: 

1. Actual remains , such as insects in amber, and mammoths in 

ice; 

2. Minute replacements , molecule by molecule of the original or¬ 

ganic matter by mineral salts, resulting in petrifaction; 

3. Coarse replacements , secondhand copies of originals by means 

of molds and casts; 

4. Prints and impress ions , of leaves, jellyfish, etc. 
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II. Those furnishing indirect evidence: 

1. Coprolites , that is, solidified excreta or casts of the same* 

2. Artifacts , such as ant-hills or prehistoric fashioned flints; 

3. Tracks , /ratb, and burrows , all autographs of living animals; 

4. Geologic formations , originating from organic source's, such as 

graphite, limestone, flint, coal, and petroleum. 

III. Imperfections in the Record 

Huxley said that the whole geologic record of fossils is “only the 
skimmings of the pot of life/' Although incomplete it is neverthe¬ 
less the most convincing evidence of the story of the past. 

The absence of suitable conditions for fossilization which sur¬ 
rounds the passing of the vast majority of animals and plants, as 
well as the inaccessibility to man of most of t he fossils that actually 
succeed in being formed, make the task of the palaeontologist a 
particularly difficult one. The pages of the (ireat Stone Book on 
which the buried dead have written their own autographs cannot 
be freely shuflled over in order to read the story contained therein, 
because they are firmly stuck together. The fossil writing is, there¬ 
fore, quite inaccessible except as lucky chance reveals enticing 
fragments of it, as when slow erosion bevels down the margin of the 
page exposing some few organic syllables, or when, by the puny 
engineering feats of man, the surface of the earth is somewhere 
scratched open, accidentally uncovering part of its buried treasures. 

In many instances the natural sequence of rock stratification has 
been so confused that the student finds the pages of his book mis¬ 
placed, by distortion, faulting, or folding, as in mountain forma¬ 
tion. The more recent, strata somet imes even come to lie beneath 
the older ones. The irregular and fragmentary character of the 
fossiliferous strata thus greatly increases the difficulties that, con¬ 
front the student who would correctly read the story of the past. 

Sedimentary rocks of the earth's crust containing fossils are not 
arranged in uniform continuous strata that envelop the entire globe 
like the layers of an onion, but form in patches of unequal t hickness 
and extent, according to the distribution of the water areas at the 
time of their deposition. There is no doubt that the earlier records 
of life in the form of fossils have in many cases been entirely oblit¬ 
erated by the action of heat and pressure during the metamorphosis 
of rocks into gneiss, marble, and granite, while the fossils that are 
buried in sedimentary rocks of the ocean floor are “forever hidden 
from hammer and mind.” 
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According to the Bureau of Mines, Department of the Interior * 
the deepest hole that man has ever made down into the undis¬ 
turbed fossil-bearing epidermis of the earth is in West Virginia, 
where borings to the depth of 7579 feet were made in search for 
natural gas. The deepest mine in the world is said to be the St. John 
del Hey mine in Brazil, while the “Village Deep” workings of the 
Transvaal gold mines of South Africa take second rank with a 
depth of 6263 feet. In the United States the deepest mine workings 
are those of the “Calumet and Hocla” in Michigan which are re¬ 
ported to have reached 5990 feet below the surface. This is a dis¬ 
tance of about a mile and is the nearest approach that man has 
ever made to the center of the earth. These extraordinary depths 
when compared with the total diameter of the earth, or even with 
the known thickness of fossiliferous rocks, are so insignificant that 
it is doubtful if they could be graphically represented to scale even 
by a shallow scratch on the surface of a four-fool globe. David 
Starr Jordan lias truly said that the case of the palaeontologist is 
much like that of a traveler who, landing for five minutes on some 
remote corner of Australia, forthwith attempts a description of the 
entire continent from the observations made. The wonder is not 
that so little is known of the fossil record of animals and plants, 
but that, in the face of so many difficulties, so complete and con¬ 
nected a story of ancient life has been unearthed. 

IV. A Geologic Time Scale 

The fragment of eternity that comes within the vision of the 
geologist has been divided into unequal eras of time, beginning 
after the earth had cooled down enough to be clothed with an at¬ 
mosphere and to have its surface diversified into areas of land and 
water. The succeeding eras are measured by the time taken to 
form stratified rocks through the erosion and disintegration of the 
original fire-fused rocks, and the subsequent rearrangement of their 
component particles as sediment under water. Such sedimentary 
rocks afford sanctuary to organic remains and form the happy 
hunting grounds of palaeontologists. 

Eras from ancient to modern times are: archaeozoic, Protero¬ 
zoic, palaeozoic, mesozotc, and cenozoic. 

The Archaeozoic Era is characterized principally by igneous and 
metamorphosed rocks without proved fossils, although traces of 

*Science , N. S., LX, No. 1541. 
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graphite indicate that plant life, probably in the form of primitive 
seaweeds, must have been in existence. The fiery furnace that 
fashioned the archaeozoic rocks, however, was no suitable place 
for the preservation of whatever organic remains existed in those 
formative days. 

The Proterozoic Era saw the slow rise of the lower plants and 
most of the main general types of invertebrate animals. Together 
with the Archaeozoic lira, according to Professor Sehuchert, it 
constitutes over one half of the total column of known sediment ary 
rocks, which reaches all toget her a maximum thickness of l I t miles 
in North America, although he qualifies this statement by saying: 
“Tn no one place, however, can be seen more than a small part of 
this record, for usually the local thickness is under one mile, though 
there are limited regions where as much as twenty miles of it are 
present.” 
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The Palaeozoic Era has been called the “Age of Fishes” because 
these animals became dominant during this time. The actual inter¬ 
val which elapsed in the Palaeozoic Era has been estimated by 
Walcott as 17,000,000 years, surely sufficient time for many dy¬ 
nasties of plants and animals to have had their day. 

Following the Palaeozoic, the Mesozoic Era witnessed the 
“Golden Age of Reptiles,” some 7,000,000 years in Walcotl’s 
estimate. 

Finally, the Cenozoic Era ,' or “Age of Mammals,” probably 
represents a little more than 3,000,000 years. 

The most recent episode in all this great moving spectacle of 
earth transformation is human history , extending over only a few 
thousand years at the outside, which in comparison with the 
stretches of time under consideration is but the thinnest surface 
film on the face of an abyssal ocean. 

The table on page 101 gives a geological scale with Periods 
into which the various Eras are subdivided in America, and a hint 
of the characteristic organisms that flourished in each of these 
hypothetical divisions of time. 


V. Pictet’s Palaeontological Laws 


A summary of some of the more important conclusions which 
follow from a study of fossils is embodied in the six “laws” adapted 
from Trade elementaire de palaeontologie by Jules Francois 
Pictet (1809-1872), as follows: 

1. All stratified rocks may contain fossils, therefore, life has been 
present on the earth at least since the beginning of the Palaeozoic Era . 

2. The oldest strata contain extinct species and largely extinct 
genera, while more recent strata contain forms like the living, 
therefore, the deeper the stratum the more divergent from those now 
living are the forms found therein. 

3. Different fossil faunas and floras follow each other in the same 


sequence everywhere, the layers nearest together stratigraphically 
contain forms most alike, therefore, fossils show the evolution of 
forms from one another. 

4. Constant change is the inevitable law of life. Species char¬ 
acteristic of one level or time are partly or completely replaced 
later by other species, therefore, species are not permanent or un¬ 
changing but are constantly giving way to modified forms that are pre¬ 
sumably better qualified to occupy their place in nature . 
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5. Species, as well as individuals, pass regularly through a cycle, 
including infancy, youth, maturity, and senility, therefore, many 
groups of organisms (as graptolites, trilobites, and ammonites), 
have died oat entirely and do not reappear, having completed their 
cycle. 

6. The approximate age of any stratum may be determined by 
the degree of similarity of its fossils to living forms. Similar fossils 
in different regions are indications of geologic strata of contempo¬ 
raneous formation, therefore, fossils sene to determine the age of 
rocks in which they are found. 



CHAPTER V 


MAN IN T11E MAKING 
(ANTHROPOLOGY) 


1. The Ancient History ok Man 

One of the riddles that perennially charms and challenges us, is 
the origin of mankind on this earth, for the farther hack we go 
the more vague is our knowledge about man. As a matter of fact 
it would he much easier to collect data about the iniquity of man 
than about his antiquity , because then we would have no lack of 
material for our discourse. 

The subject of the antiquit y of man must always remain more or 
less shrouded in mystery. The reality of human antiquity, however, 
even in the absence of specific details, is beyond question, as may 
be shown by a personal illustration. 

The writer was born sometime in the nineteenth century. lu 
the eyes of children of the twentieth century he must seem to be 
quite ancient. I le can remember when there was not a single auto¬ 
mobile in exist (Mice*, lie has lived through the entire Golden Age 
of the Bicycle and participated in its rise and fall, lie recalls when 
there was no radio, no telephone, no phonograph, no electric lights, 
no X-rays, no typewriters, no motion pictures, and when Darius 
Green and his Flying Machine, by John T. Trowbridge, repre¬ 
sented the final word in aviation, lie remembers his grandparents 
as very old people, associated with ox teams and candlelight, for 
they were babes in arms when the war of 1812 was being fought. 
Their grandparents in turn lived before Ihe Revolutionary War 
and even traditions about them are now vague and hazy. Rack of 
them there must have been many other generations, but they lived 
so long ago that the present day has entirely lost sight of them. 
Beyond this personal survey, it is possible to resort to pages of 
history, going back in imagination to hoary landmarks of time 
such as the discovery 7 of America, the Norman Invasion, the 
dramatic beginnings of the Christian Era, and far beyond these 
milestones to remote semi-mythical days when the Ten Thousand 
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beat their famous retreat, or the Children of Israel passed dry- 
shod through the Red Sea, or when Tutankhamen was living flesh 
and blood instead of a celebrated mummy. 

The palaeontologist laughs in his sleeve at anyone who pauses to 
consider such contemporary events as these, while the astronomer, 
dreaming of the majestic march of worlds other Ilian ours, pities 
the short-sighted palaeontologist who is content to dwell on frag¬ 
ments of time as slight as (leologic Ages. 

How far back into the shadowy past can the flickering torch of 
humanity be followed? What are the facts about the antiquity of 
man? Was there ever a time so remote that man was not man but 


something else? The sciences of Anthropology , and Prehistoric 
Archaeology are concerned with questions such as these. To con¬ 
fine ourselves to the events of our own day and generation, ab¬ 
sorbing though they be, is like trying to breathe in a small, closed, 
stuffy room. 


11. Tradition and Evidkinck 

Various traditions of human origins are a part of the folklore of 
every racial slock. Probably the most familiar of these traditions is 
the story of Adam and Ivve, in which man is created “of the dust 
of the ground." Another classical legend of the sudden inorganic 
origin of mankind is that, of Deucalion and Pyrrha who, at the sug¬ 
gestion of Jupiter, peopled the earth by simply throwing stones 
over their shoulders, the stones becoming full-grown men and 
women according to which one of the celestial pair did the throw¬ 
ing. Jf these wonder-workers had operated upon a glacial hillside 
of JNew England, instead of the summit of Mount. Parnassus where 
stones are rather scarce, no doubt the overpopulation problem 
would have become acute much earlier. 

The (iroek and Roman classics are full of naive tales of dryads 
born of trees, and of lialaleas coming to life from cold marble or 
lifeless ivory. Such stories and traditions, however, are in no sense 
evidences oi l he actual origin and antiquity of mankind on the earth. 
These evidences must, be sought for in less romantic records of 
written history, in human fossils, and in persisting works of van¬ 
ished hands, or indirect testimony of various kinds from other 
sources. 

In America historical records of man practically date from the 
discovery by the whites only a few centuries ago, although there 
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are abundant architectural remains in Mexico, Central America, 
and South America, that mark the presence of earlier, highly ad¬ 
vanced civilizations, now vanished. 

In Europe man was in a condition of illiterate savagery long 
after he had attained a high degree of development elsewhere. Re¬ 
corded human history goes back with undoubted assurance only 
about 5000 years, continuing in Egypt and Mesopotamia with 
halting steps for perhaps 2000 years more, after which the historical 
record fades, and it becomes necessary in tracing the antiquity of 
man to resort to the unwritten evidences of prehistory. 

The prehistoric evidences of human antiquity may be grouped 
in five categories, as follows: 

(1) Indirect evidence from the length of time during which the 

earth has been habitable by man; 

(2) Indirect evidence from the amount of time which must have 

elapsed in order to allow mankind to reach his present degree 
of development; 

(3) Indirect evidence from telltale fragments of extinct animals 

found associated with human remains; 

(4) Direct evidence from actual prehistoric human bones; 

(5) Direct evidence from the enduring handiwork of man. 

Some brief explanation and elaboration of these different lines 
of evidence is necessary to make their content clear. 

III. The Habitable Earth 

Astronomers, physicists, and geologists all testify to an un¬ 
thinkably remote period of time since the stage has been set for 
human life upon the earth. It does not necessarily follow that man 
appeared as soon as the earth was ready for human occupancy, 
but this testimony definitely removes any objections on the score 
of possible geological unpreparedness with regard to his abiding 
place. 

Professor Rutherford, from calculations of the rate of radioactive 
transformations, conservatively estimates the earth as being at 
least 210,000,000 years old, while Lord Kelvin, reckoning the rate of 
heat-loss from the ccxding earth, makes its age between 20,000,000 
and 400,000,000 years. Professor Sollas finds 80,000,000 years none 
too much for the accomplishment of known weathering of rocks 
and their subsequent deposition as sedimentary strata, while at 
least the same length of time has been independently computed as 
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necessary to allow for the leaching out by water of the earth’s 
crust enough to make the oceans as salty as they are today. 

The great discrepancies which appear in these dizzying time- 
estimates by different experts who have contributed to the problem 
of the age of the habitable earth, may be disregarded as irrelevant , 
since they all agree in furnishing a cradle for humanity that is an 
unquestionable antique. Ilurst says: ‘‘One of the most remarkable 
features of modern science is the rapid expansion in recent years of 
the scientific estimates of the age of man, life, the earth, and the 
universe.” 


IV. The Time Required 

Anatomically the human body is a collection of parts, assembled 
in varying degrees of perfection. There is every indication that t he 
process of adaptation and modification is still going on, and that 
the human body as we see it today is t he result of repeated changes 
which have taken place in the past. 

There is no structural detail in the human body not foreshadowed 
in the lower animals. The tracing out of resemblances and se¬ 
quences in structure and organization between different animals 
and man is the peculiar province of Comparative Anatomy , and the 
mass of facts which constitutes the working basis of this biological 
science furnishes undeniable evidence bearing upon the antiquity 
of man. Just as a modern ocean liner, with its luxurious appoint¬ 
ments and efficient intricate machinery, givers evidence of years of 
invention and experimentation with preliminary boats of a lesser 
order of elaboration, so the four-chambered heart, the larynx, or 
the brain of man, to anyone who knows something of the detail 
and complexity of these organs, tells a long story of preparatory 
variation and adaptation that must have required an enormous 
length of time for its accomplishment. 

The science of Chorology, or the geographical distribution of 
animals and plants over the face of the earth, furnishes abundant 
evidence of the antiquity of man of an undeniable kind. The spread 
of human beings to the uttermost corners of the earth, which we 
recognize as an accomplished fact, could never have occurred by 
any series of migrations from common centers of origin without 
involving considerable lapses of time. 

Two other fields of science, Ethnology and Philology, also prove 
the necessity of postulating an extended period of past time for 
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the existence of man, in order to account for the present develop¬ 
ment of customs and languages. 

Ethnology deals with the customs and institutions of the various 
races of man , while philology is concerned with human language 
and its evolution. In both of these lields man lias attained a high 
degree of specialization. When one attempts to disentangle the 
various steps that must have preceded it, lie is carried hack so far 
that there can he no doubt about the antiquity of man. Moreover, 
as Physical Anlhrofioloyy shows, the great race divisions of man¬ 
kind into those dressed in in tegumental uniforms of black, brown, 
yellow, and white are of no recent growth but were already distinct 
long before the beginning of the historic period. 

As for language 4 which makes possible the oral transfer of ex¬ 
perience, Linynislic Palaconloloyy shows that each of the branches 
of the so-called Aryan group of primitive languages, Persian, 
Indian, Semitic, Romance, Hellenic, Slavonic*, Teutonic, and 
Keltic, has its roots buried in antiquity. The Hebrew and Arabic 
tongues are both ancient languages and neither the original of the 
other, and, therefore they are derived from still more remote 
ancestral sources. 


V. Human Fossils 

The actual bones of prehistoric man furnish the best direct 
evidence of human antiquity, blit unfortunately they are very 
scarce. This is due in part, to the arboreal life human ancestors 
lived, whose dead bodies, left without burial, were liable to be de¬ 
voured on the spot or subjected to immediate decay and disintegra¬ 
tion. 

Moreover, a large part of the earth, including many localities 
where human remains might have been overwhelmed and fossilized, 
has not as yet been thoroughly explored by competent scientists. 
Evidence of human antiquity from fossils has been acquired only 
within the last century. As late as 1852 the eminent French 
palaeontologist Cuvier, gave the famous opinion, backed by his 
extensive knowledge of what was known in his day, “L’homme 
fossile n'existe pas/’ All the supposed discoveries of prehistoric 
human remains up to that time were shown to be of comparatively 
recent origin or not human at all. One often cited case is that of 
Scheuchzcr, who found and described in 1732 what he called a 
fossil man, to which he gave the name Homo diluvii testis , or “man, 
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witness of the flood,” with the pious comment, “Rare relic of the 
accursed race of the primitive world. Melancholy sinner preserved 
to convert the hearts of modern reprobates!” This famous speci¬ 
men, which now reposes in a museum in Haarlem, turned out, 
however, to be not a human skeleton at all but the bones of a giant 
salamander. 


1. NEANDERTHAL 


In 1856, not far from the time that Darwin’s Origin of Species 
(1859) appeared, throwing both the scientific and the theological 
worlds into intellectual convulsions, the original Neanderthal man 
came to light. This is an incomplete human skeleton unearthed by 
workmen in a detritus-filled cavern near Diisseldorf, Germany, 
high up on the precipitous side of a ravine about 60 feet above a 
stream and 100 feet below the top of a cliff. Together with the 
skeleton were found, embedded in hard loam, the bones of animals 
long extinct, the cave bear, woolly rhinoceros, mammoth, cave 
hyena, and others. Man is known by the company he keeps, and 
these bones with superimposed detritus covered over by undis¬ 
turbed strata of sedimentary rock, put the seal of unquestionable 
antiquily upon the Neanderlhaler. 

The bones themselves, which have undergone more expert scru¬ 
tiny than perhaps any.other set of bones, indicate a burly, squat, 
bow-legged individual, with thick skull, projecting brows, low re¬ 
treating forehead, and receding chin, characters distinctly unlike 
those of modern man. That this individual was not. a unique pre¬ 
historic hermit has been unquestionably demonstrated by subse¬ 
quent discoveries in various localities in Europe of over a score of 
individuals represented by bony fragments of one kind or another, 
all agreeing essentially with t he original find. The existence of this 
species of human beings. Homo iicariderthaletisis , whom t lie late 
(i. Elliot Smith refers to as “weird caricatures of mankind roaming 
far and wide to satisfy their appetites and avoid extinction,” is 
now no more in doubt than the existence of ancient Egypt ians. 

It is estimated by Osborn that the Neanderthal race, which was 


“contented to live 50,000 years in caves,” flourished from 30,000 
to 100,000 years ago daring the diflioult last days of the great 
Pleistocene Age. 

The Neanderthalers were superseded by other races of mankind, 
probably not their descendants but invaders from regions outside 
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of Europe, who also dwelt in caves and were definitely different in 
appearance. 


2. CRO-MAGNON 

One of Ihe finest races physically that ever existed, of which 
many fossils have been recovered, was the Cro-Magnon race of 
reindeer hunters that lived 25,000 or 30,000 years ago near the 
close of the last ice age. These nomads of frigid days not only left 
some of their bones behind, that showed them to be tall finely 
built specimens of humanity with large capacious skulls, but they 
also left mural pictures of contemporary animals which they 
painted on the walls of their caverns. The bones of wild horses, 
wild boars, and reindeer, abundant all over I hat part of Europe 
where most of the fossil remains of man have been fouud, are elo¬ 
quent witnesses of an ancient regime when man lived in a different 
world than that of today. In southern France alone there were 
eighteen species of large animals which were formerly common that 
have now migrated to more congenial climes. Of these, thirteen, 
like the reindeer, have gone north, and live, like the chamois and 
mountain goat, have retreated to cool mountain tops. 


3. MENTONE 

Skeletons of a woman and a young boy, designated as the 
Grimaldi race , were discovered in 1906 in a cave at Mentone in 
southern France. They are negroid and mongoloid in character, 
having narrow' skulls, projecting cheek bones, and prognathous 
jaws, and with them were found a shell necklace and bracelets. 
According to the testimony of experts they are anatomically 
unlike any other known human beings before or since their time. 
Telltale animal remains, as well as ornaments found with these 
bones, give evidence that the Grimaldi lived at a time preceding 
the Cro-Magnon era. 

Both the Grimaldi and the Cro-Magnons belong to the same zo¬ 
ological species of mankind as that living today, namely, Homo 
sapiens . They show r that the modern races of man, which are recog¬ 
nized by the color of their skin as black, brown, yellow, and white, 
had probably already become distinct many thousand years before 
the beginnings of historic times. 
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4. PILTDOWN 

There is testimony of human fossil origins that antedates even 
the days of the cavemen. Fragments of skull bones were found by 
Dawson in 1911 at Piltdown Common near Sussex in England, 
with flint tools of extremely primitive character and remains of 
extinct animals. The date when the Piltdowner lived lias been 
placed by anthropologists back in early Pleistocene or even late 
Pliocene times some 150,000 years ago. 

The lower jaw of Eoanthropas dawsoni, as this prehistoric in¬ 
dividual was christened, is more apelike than that of the Neander- 
thalers and is certainly distinct, from that of Homo sapiens. Ac¬ 
cording to Professor G. Elliot Smith, the skull belonged to a female 
whose jaw shows that she was possessed with the power of speech, 
“just like woman of today.” 

The belief has been expressed that Eoanthropus had a fairly 
good-sized brain within the thick-walled skull along with the ape¬ 
like lower jaw, and represents an ancestral line that, eventuated in 
the white race. In spite of a crowded ten-foot shelf of learned 
papers on the subject, however, much uncertainty and controversy 
still surround the ancient woman of Piltdown Common. 


5. HUIDKLBKIU: 

The “Heidelberg man,” Homo heidelhergensis , lived among ani¬ 
mals that characterized the second interglacial period of perhaps 
250,000 years ago. This race is 
represented only by a lower jaw, 
found in 1907 buried in a gravel 
pit near the mouth of the Neckar ifs^. 

River valley about six miles from y 
Heidelberg, Germany. It is prob¬ 
ably the oldest unmistakable hu¬ 
man fossil (Fig. 79). Over eighty Fig. 79. -Outline of the Iloidcl- 
feet of undisturbed sand and sedi- herg .i» w * contrasted with that of 

mentary rock had been deposited j ioul( . ^ 1 v 

over this interesting ancestor. For 

subsequent centuries the slow eroding action of the Neckar river 
carved out the valley, before this famous human fragment was 
eventually exposed to modern view (Fig. 80). 

The jaw is heavy, massive, and chinless. It is apelike in char¬ 
acter but the teeth are comparatively small and have the shortened 
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roots and dilated crowns that distinguish human teeth. The pres¬ 
ence of an apelike genial pit and the encroachment of bone between 
the rami of the lower jaw indicate that the capacity of speech was 
either hampered or not present, ilad the Heidelberg man and the 





Fin. 80. Diagram of Ihc sand pif where the Ilentethenj /air was discovered, 
a-b, layer of “''Newer Loess"; b d, “Older Loess”; e d. Mailer sands; e, clay. 
The cross indicates tin* spot under se\ enl y-nine feel of undisturbed strata 
where the fossil jaw was found. (After Schoelensaek, in Osborn, Men of the 
Old Slone lr/e. (Shark's Scribner’s Sons.) 


Piltdown lady of later millenniums met they probably could not 
have been on speaking terms with each other. 

With the discovery of Ihe Heidelberg jaw, the skeletal evidence 
of the antiquity of man is pushed back nearly a quarter of a million 
years to the early part of the Pleistocene epoch. 

6. PEIPING 

Meanwhile a new anthropological gold mine located some thirty 
miles south of Peiping, China, is recently being systematically- 
worked under the joint efforts of the Geological Survey of China 
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and the Rockefeller Foundation. In 1929 a skull embedded in 
limestone under 110 feel of cave deposits w as found, together with 
representat ives of early Pleistocene fauna, and in November, 1936, 
three more contemporaneous skulls were unearthed in the same 
locality in two days of lucky digging. 

These valuable contributions to human prehistory have not yet 
been made fully available to science but enough has been learned to 
indicate that Sinanthropus , as this race lias been named, possessed 
very primitive characteristics, shown by the absence of a chin, the 
shape of the teeth, the large size of the orbital ridges, and a low 
elongated brain case. The natural museum of animal remains in 
which Sinanthropus was discovered points to early Pleistocene 
times as the date of this race, which is the first evidence of prehis¬ 
toric man that has been discovered north of the Himalayas. 


t. miouKrsiA 

Another glimpse of early man antedating the Neanderthal race 
is given by a skull and two skeletons discovered about 1921 in a 
lead and zinc mine in South Africa, and christened Homo rhodesen- 

v 

sis. Dr. Ilrdlicka, who has visited the locality where it was found 
and examined the specimens, says of it that the skull was that of a 
man “whose features were in many ways so primitive that nothing 
quite like it hud been seen before; and coining from a part of the 
world which hitherto had given nothing similar and in which 
nothing of that nature was ever suspected, it aroused much scien¬ 
tific attention. ’’ 


8. JAVA 

The fossils thus far considered are conceded to be evidently 
human, although the older the fossil the more, it resembles the 
apes. But what lies back of primitive man? Who were Adam’s 
ancestors? All the evidence from anthropology leads one to postu¬ 
late forerunners of mankind that were not human. 

The German zoologist I laeekel w r as so confident that such a kind 
of beings once lived that in 1866, before many discoveries of human 
fossils bad been made, lie assigned the tentative name of Pithecan¬ 
thropus (ape-man) to the unknown, and prophesied its future dis¬ 
covery. Haeckel’s conception of an ape-man so fired the imagina¬ 
tion of the artist Gabriel Max, that lie produced a famous painting 
of a Pithecanthropus family group, presented to Haeckel in 1894 on 
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his sixtieth birthday, which is reproduced in Figure 81. This pic¬ 
ture obviously is wholly imaginary, unscientific, and without any 
basis of direct evidence. 

In 1891, however, Dubois, then an officer in the Dutch army 
stationed in Java, found fossil remains after extended search on one 



Fig. 81. —Gabriel Max’s famous imaginary con¬ 
ception of a Pithecanthropus family group. (From 
heliograph copy by Meisenbach, BiHarth & Co.) 


of the banks of the Solo River near Trinil, that fulfilled Haeckel’s 
prophecy. These remains were a skullcap, or calvarium , and a 
molar tooth, to which were added from the same locality later a 
left thigh bone and two other teeth, together with a fragment of a 
lower jaw. Companion bones were unearthed that filled 400 pack¬ 
ing cases. This material was brought back to Holland and subjected 
to painstaking study. The specimens included bones of the extinct 
proboscidian, Slenodon; the ungulates Leptobos , and Hippopotamus; 
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and the giant pangolin, species no longer inhabitants of that part 
of the world; as well as tapirs now found only in South America 
on the other side of the 
globe. Altogether 21 spe¬ 
cies of Tertiary (Pliocene) 
animals under 45 feet of 
undisturbed stratified de¬ 
posits have been identified 
among these remains, fix¬ 
ing the time when Pithe¬ 
canthropus lived as approx¬ 
imately 500,000 years ago 
(Fig. 82). 

The fragments of the 
ape-man ” were recovered 
some twenty yards apart, 
making the likelihood of 
intrusive burial improba¬ 
ble and casting doubt on 
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Fie. 82. Diagrammatic cross section 

through l he fossil Morons strata in Java where 

the Pithecanthropus bones were found. A, 

the probability that the surface soil; B, undisturbed sandstone; C, vol- 

several bones did come oanic layer; D, level of the Pithecanthropus 

o . j. - , i rrti bones and of various extinct Tertiary animals, 

from one individual. 1 lie (Af(er Dubois .) 

thick skullcap, showing 

heavy projecting supraorbital ridges, has a capacity of not far 
from 900 cubic cent imeters (Fig. 88), as compared with that of the 
largest modern ape which is only about 600 cubic centimeters. The 
capacity of the skull of modern man fluctuates between 1250 and 

2000 with an average of perhaps 1450 
cubic centimeters. 

It is probably incorrect to regard 
Pithecanthropus as living strictly up 
to its name of “ape-man,” and so 
forming a direct connecting link be¬ 
tween the apes and man, since doubt¬ 
less both apes and man go back in 
Fig. 83.- -A comparison of converging ancestral pathways to 

some unknown common forbear of 
humbler origin. Apes and monkeys in 
all probability are not the forerunners of mankind, as certain 
worried human beings, who are proud of their family trees, fear 
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the skull capacity of various 
primates. (After Boule.) 
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will turn out to he the case, but side lines off the highway of human 
derivation. 

Klaalsch, who speaks from a profound knowledge of compara¬ 
tive anatomy, describes apes as “unsuccessful attempts to compass 

ANCESTRAL TREE OF THE ANTHROPOID APE S AND MAN (Osborn) 


Existing apes Gibbon Man Chimpanzee Gorilla Orang 

and man (Asia) (Homo sapiens) (Africa) (Africa) (Asia) 



the road to mankind from prehuman stock.” It is quite as likely, 
therefore, that apes are descended from man, as that man is de¬ 
scended from apes. In fact young apes resemble human beings 
more than adults do, for the older they grow the more apelike and 
less human they become. Fossil apes from the Miocene and Plio¬ 
cene epochs are more like man than their living descendants today. 
Probably the changes that take place during the lifetime of the 
individual ape picture roughly a parallel to the long transformation 
that has been wrought in the slow procession of primate species. 
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Although one may not be warranted in linking apes with man in 
direct lineal relationship, the conviction must remain that in 
Pithecanthropus we have the most reasonable bridge at present 
known which joins man with his non-human ancestors. 

The table on page 116 is an attempt to indicate the probable 
relationship of the better known primates and their distribution 
in time. 


VI. Archaeological Chronometers 

In some instances the handiwork of man has survived for a longer 
time than his own bones. The enduring touch of the vanished hand 
is particularly apparent in the case of the “indestructible Hint” 
tools and weapons which lie fashioned. The more important evi¬ 
dences of human antiquity that fall within the lield of Prehistoric 
Archaeology are kitchen middens, pile dwellings, painted grottoes, 
monuments of various kinds, and fashioned Hints. 

1. KITCHEN MTDDENS 

Kitchen middens are ancient garbage dumps where prehistoric 
man evidently congregated and feasted. Attention was first called 
to them by Thomsen in 1836 who described them from Denmark. 
Since them they have been noted in many other localities as widely 
separated as Japan, Spain, Brazil, Oregon, California, Maine, 
Denmark, the Aleutian Islands, Terra del Fuego, the north coast of 
Africa, and the shores of 1 he Baltic Sea. 

Kitchen middens consist principally of enormous masses of 
shells that could not have been collected together by any natural 
agency. They usually occur near the seashore, or where the sea¬ 
shore once was, because there primitive man had easy access to a 
natural food supply of shellfish. Mingled with shellfish remains are 
significant archaeological treasures of various kinds such as teeth, 
scales, bones of animals eaten, fragments of crude pottery, anvil 
stones, hammers, implements, and ornaments of dliferent sorts 
made out of stone, obsidian, and flint, while pieces of charred wood 
and flat atones blackened with fire indicate, even to an amateur 
archaeological Sherlock Holmes, the use of fire by the people who 
left these extensive piles of refuse. 

Some shell heaps, like those on the coast of Maine, for example, 
do not bear the earmarks of great antiquity, probably dating no 
further back than preeolonial Indian days. Other kitchen middens. 
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however, as those of the Baltic region, contain internal evidence of 
great age, for lhey consist largely of shells of salt-water mollusks, 
which cannot grow in brackish or fresh waters that characterize the 
Baltic Sea today, but. must have nourished long ago when there was 
an open communication between the Baltic Sea and the salt ocean. 

2. PILE DWELLINGS 

The Greek historian Herodotus gives a detailed account of Thra¬ 
cian aborigines who dwelt in rude huts built upon piles out in the 
waters of Lake 1 Vasias in the land that is now modern Rumelia. 


v 



Fig. 84. Reconstructed Lake Dwellings. (From Tyler, New Slone Age in 

Nor/hern Europe. Charles Scribner's Sons.) 


The most interesting exponents of this style of semi-aquatic archi¬ 
tecture are the still older lake dwellers who lived and died probably 
some 6000 years B.c.., or just beyond the outer halo of written his¬ 
tory. They represent a primitive type of vanished civilization that 
came to flower particularly in the general region centering in 
Switzerland, where they erected their pile dwellings along the mar¬ 
gins of numerous Alpine lakes. During a year of great drouth and 
low water in 1854, the submerged ruins of some of these curious pile 
dwellings came to light on the shores of Lake Zurich, and subse¬ 
quently a large number of sunken remains of pile-built settlements 
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have been discovered, while from the surrounding mud a great 
number and variety of relics have been recovered that make pos¬ 
sible a fairly complete picture of the kind of life these ancient lake 
dwellers lived (Fig. 81). The sites of over 200 of these prehistoric 
villages have now been located in the Swiss lakes alone. 

The pile-dwellers represent a decided advance over the precari¬ 
ous nomadic life of the cave dwellers who preceded them. Building 
together upon piles out over the water enabled them to establish 
a haven of comparative safety from the assaults of hostile maraud¬ 
ers and ferocious beasts, at the same time furnishing the security 
and leisure necessary in taking initial steps in invention, the arts of 
peace, and of organized warfare. 

The pile dwellers made dugout canoes and crude pottery. Prim¬ 
itive agriculture and food storage were no doubt stimulated when 
pottery containers were invented. The ancestral fig-leaf had long 
since been replaced by furry skins and bark clothing on the part 
of the shivering cave dwellers of the icy Pleistocene times, but the 
pile dwellers went further and supplemented their wardrobes by 
fashioning coarse textiles, fragments of which were preserved buried 
in the mud. These may be seen in the An! iquar inches Museum in 
Zurich together with many other specimens of the prehistoric 
handiwork of the vanished race of lake dwellers. Living over the 
water doubtless insured some degree of primitive sanitation un- 
known, or at least unlikely, among those who pitched their camps 
in caves and forests on land. It cannot be doubted that the conse¬ 
quences following in the wake of ignorance of sanitation must have 
been quite as inevitable then as in these latter days when the bac¬ 
teria of disease have been discovered and domesticated by modern 
man. 


3. PAINTED GROTTOES 

About the time of the reindeer and wild horse occupation of what 
is now France and northern Spain, there flourished a remarkable 
period of prehistoric art, represented chiefly by crude drawings and 
paintings limned upon the protected walls and ceilings of caverns. 
Notwithstanding the fact that these remarkable treasures were 
first discovered and made known within the memory of persons 
now living, there have already been catalogued from such troglo- 
dytic art galleries nearly 3000 different pictures in outline, mono¬ 
chrome and polychrome. In the Dordogne region of France, one 
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.single cavern, the “Comharelles,” is a veritable prehistoric Louvre, 
which contains 109 wall pictures covering an area of over 2000 
square feel. 

The pictures are mostly outlines of animals, such as bison, rein¬ 
deer, mammoths, wild horses, woolly rhinoceroses, and others, 
that were contemporary in Europe with the cave-dwelling, flint¬ 
using folk who drew them. Usually they are well enough done to 
be unmistakable. The most ancient of them, apparently the work 



Kit;. - A prehistoric skeltli 
from a rsnern in Dordogne. Kinmv. 
showing a hairy mammolh with a 
hump of stored fat on il> !>a< k, sug¬ 
gesting tlull, it lived in an aietie, 
cliniale. 


of the Anrignacian wild horse 
hunters, are hare outlines roughly 
engraved on the cavern walls by 
means of Hint tools, and probably 
by Ihe light of dickering torches. 

The best of these old animal 
pictures, as well as the majority 
of them, were evidently made 
later by Ihe Cro-Magnon rein- 
deer-hunt ing people, and are for 
the most part Hat surfaces chipped 
into the solid rock and colored 
with various substances such as 


chalk, charcoal, red and yellow ochre, and other mineral pig¬ 
ments. The famous polychrome frescoes of the Allimira caverns 
in northwest Spain near Santander, which would be a credit to 
artists of a much later time, mark the highest point of excellence 
in glyptic art. 

It is quite likely that the painted grottoes were not decorated 
as an expression of “art for art’s sake," but as part of a magic 
ritual to aid the hunters in successful pursuit of 1 heir prey. Since 
the grotto artists or necromancers drew what they saw, a study of 
their pictures throws considerable light upon the state of allairs in 
their part of the world some 13,000 to 20,000 years ago. As a single 
example, the skyline of the hairy mammoth is represented with a 
depression in the neck region (Fig. 153) which is absent from all 
modern proboscideans and is not evident on the fossil mammoth 
skeletons that have been assembled. This means that the living 
mammoth had a fat lump, not to be seen in the skeleton, posterior 
to the notch of the neck. The fat lump indicates storage of food 
which enabled these great beasts to live through seasons of scarcity. 
The outline of the hairy mammoth as depicted by the Cro-Magnon 
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artists in this way informs us that the painted grottoes were deco¬ 
rated when France had an arctic climate. 

The approximate age of the painted grottoes is also determined 
in part by the kind of bones and Hint implements found in the 
rubbish that filled the caverns, thus protecting the pictures 
throughout thousands of years from exposure and destruction. 
Certain other time marks, such as paintings of different ages super¬ 
imposed one above the other, tell the story of different hands that 
wrought them. All in all these early attempts at artistic expres¬ 
sion are direct evidences of the great antiquity of mail, for of all 
creatures only man could have left such signs of the times. 

t. LARGE STONE MONUMENTS 

The ancient Egypt ians w ho huilt p\ ramids, sphinxes, and obelisks 
in the attempt, to outwit the devastating tooth of time, were not 



the first to leave some enduring memorial of Iliemsehes to succeed¬ 
ing generations. Prehistory, as well as written history, bears wit¬ 
ness to the same human desire for impressing posterity. This 
desire lias found expression not only in the form of mounds or 
earthworks of unmistakable human workmanship, but also of 
large stones, or megaliths, arranged and set up in various unnat¬ 
ural ways. 

Large columnar stones set up on end are called menhirs . Of 
these over 700 have been located in Brittany alone. Primitive man 
must have exercised a good deal of engineering skill, probably by 
digging pits, building temporary inclined planes, and using pulleys 
of some sort, in order to jockey these huge stones into position. 
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Their size and shape preclude the possibility of their placement by 
any natural agency. 

Frequently menhirs were set up in parallel rows, termed align¬ 
ments, or in circular arrangement, designated as cromlechs. A flat 



Fig. 87. --Two prehistoric Easter island statues. 
(After Mrs. Seoresby Boutledge, in the National 
Geographic Magazine for Deeember 1921.) 


stone resting upon two uprights is called a trilith , but when several 
uprights support a top stone, like a rude table or altar, the struc¬ 
ture is called a dolmen . Nearly 5000 dolmens have been found in 
France, while at Stonehenge and Avebury (Fig. 86) in England 
there are two very famous and much described collections of 
megaliths, arranged as alignments, cromlechs, dolmens, and single 
menhirs. The collection of megaliths at Avebury is more extensive 
than that at Stonehenge, but it is not as well preserved because 
many of the stones were removed to build the modern village of 
Avebury by people not interested in antiquities. 
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One cromlech 1200 feet in diameter, and made up of 100 separate 
stones each seventeen to twenty feet high, forms a part of the 
Avebury collection. 

Some of the most curious and mysterious evidences of ancient 
human activities are the stone images of Easter Island (Fig. 87). 
On this isolated island in the south Pacific, 2000 miles west of 
South America, there are over 600 stone statues, hewn out of 
volcanic tufa and weighing up to thirty tons each. They are all 
patterned alike, regardless of size, and represent a half-length 
human figure with hands placed across the front of the body. 
Most of the statues when discovered were found overthrown and 
the present scanty inhabitants of Easter Island have no traditions 
concerning how the statues came to be there. Their origin is one 
of the most puzzling of archaeological enigmas. 

In addition to megalithic witnesses of the distant past there are 
mounds , lurnuli , and earthworks of various sorts, that tell the same 
story of the antiquity of man. Some of these structures were no 
doubt connected with ancient burial customs or religious cere¬ 
monies, while others were probably once places of refuge, or for¬ 
tresses, the ruins of which remain to remind us of the gray days 
during which our distant ancestors kept alive on the earth the 
precious spark of humanity. 

r>; TOOLS AND WEAPONS 

Man, of all animals, is the only one fitted to grasp tools and 
weapons. The tools and weapons of other animals, such as horns, 
teeth, tails, claws, and hoofs, are a part of the permanent equip¬ 
ment of their possessors, built into the body, and may be improved 
or substituted for other tools only in the slow age-long workshop 
of adaptive evolution. After all it is the brain that makes the 
grasping of tools or weapons effective. Apes pound a stone with a 
nut, but man discovered that he got better results if he pounded 
the nut with a stone. 

Some of the earliest tools and implements fashioned by man 
furnish direct evidence of human antiquity that antedates his 
oldest fossil remains. This kind of evidence is far more accurate and 
reliable than any historical chronicle whatsoever that has been 
colored by human judgment on the part of the historian. Sir W. R. 
Wilde has emphasized this point by saying, “Men are liars, stones 
are not.” 
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The materials employed in outfitting the grasping hand of man 
have been principally flint, which is composed of the finely crystal¬ 
lized remains of silicious sponges and other marine organisms, dis¬ 
solved and redeposited in the form of irregular lumps. Quartz, and 
obsidian or “volcanic glass/’ which like flint fractures in flakes 
from cores by pressure or by percussion, were also employed, as 
well as horn, bone, shells, ivory, wood, and later on, metals. Of 
these various materials wood is the least enduring and so furnishes 
very little evidence today of the uses to which in all probability 
it was formerly put by prehistoric man. 

Of the metals, copper occurs in comparatively free form in na¬ 
ture and was the first metal utilized by man. Malleable bronze, 
which is an alloy of copper and tin, was discovered or invented long 
before iron, “the great lever of civilization,” was successfully 
smelted from the ore, beginning probably about 1300 n.o., on the 
shores of the Black Sea. 

Archaeologists speak of successive stages of human culture based 
upon the materials employed in the manufacture of tools and 
weapons. They an 1 the Slone Aye, Bronze Aye , (topper \ye, and 
Iron Aye. To them might be added a fifth, the Steel Aye , in 
which we live today. 

These ages are not uniform in origin or duration in different parts 
of the world. Egypt, for example, had already reached a high 
point in the Bronze Age at t he time when Europe still lingered in 
the Stone Age of culture (Fig. 83), while in North America and 
Australia the Stone Age was in full swing when these countries 
were discovered by while men in recent historical times. Some 
races of man still living today, that have been isolated from con¬ 
tact with other races, such as the Hottentots of Africa, Yeddahs of 
Ceylon, Botacudos of Brazil, Andaman Islanders, Fuegans, and 
Eskimos, are still in a very primitive stage of tool culture. 

The Slone Age, before iron was applied to the follies of war or 
the arts of peace, oilers a most fascinating field for study, since it 
furnishes the earliest direct evidence of human activity upon the 
earth. It. is a held that has attracted many scholars. As late as 
1938 there was opened in the Ohio State Museum at Columbus, a 
“Lithic Laboratory” in which to specialize in types of stone tools, 
showing the materials used, and the technics employed in making 
them. 

The stone instruments of primitive man were fitted to a variety 
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of uses. They include arrow-points, Jance-heads, knives, axes, 
hammers, saws, choppers, borers, etchers, scrapers, punches, pol¬ 
ishers, spark-producers, and ornaments. Their evolution tells the 
story of human progress through many centuries of time. The in¬ 
terpretation and significance of this story got its initial start when 
M. Boucher de Perthes in 1838 discovered the first known authen¬ 
tic flint hatchet in a sand bed near Abbeville, France, together 
with rhinoceros and mammoth bones. Since then in the last cen¬ 


tury a very great number of flint tools and implements of different 
degrees of perfection in workmanship have been found and care¬ 
fully studied. France has been particularly fortunate, not only in 
unearthing these records of early man, but also in having dis¬ 
tinguished scholars who have collected and described them. 

According to prescientific interpretations the relics of the Stone 
Age, chiefly flints, were described variously under the name of 
“fairy darts'’ and “thunderbolts,” and their origin assigned to the 
Druids, Homans, or the Devil, a convenient trinity which has been 
made responsible for other strange things as well. 

Wherever fashioned flints have been found, even in such diverse 
regions as the Nile Valley, Algeria, Europe, England, Somaliland, 
and America, they exhibit l he same universal sequence of patterns, 
and a parallel succession of evolutionary differences or degrees of 
refinement. Jt. is thus possible to subdivide the Stone Age into 
four unequal successive divisions of workmanship, representing 
stages of human culture, namely, neolithic, mesolithic, palae¬ 
olithic, and eolith ic. Experts have further arranged the suc¬ 
cessive cultures of the Stone Age into subdivisions , the names of 
which for the most part are derived from localities in France near 
which the typical characteristic flints were first discovered. Head¬ 
ing downward from the most ancient to the most recent, they are 
as follows: 


I. Eolithir Period 
II. Palaeolithic Period 
J. PreehelleaB 

2. Chellean 

3. Achculian 

4. Mousterian 

5. Aurignacian 

6. Solutrean 

7. Magdelenian 
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III. Mesolilhir Period 

1. Azilian 

2. Tardonoisian 

IV. Neolithic Period 

Stone implements of the oldest type, representing the eolithic 
culture, are termed eoliths (Fig. 89). They mark the “great extent 
of time that has elapsed be¬ 
tween the picking up of the first 
stones with an intelligent pur¬ 
pose, and the acquirement of 
sufficient knowledge to shape 
them into the crudest form of 
palaeoliths 5 ’ (Wilder). Eoliths, 
nowhere abundant, are always 
more or less problematical ob¬ 
jects, since they are not unde¬ 
niable artifacts in the sense of 
purposeful manufacture, but are 
merely pieces of stone of con¬ 
venient size and shape to lit, the 
hand and lend persuasive weight 
to the list. They are dist inguish¬ 
able by showing the effects of use. 

The uncertainty connected with 
them depends upon whether 
they were bruised and fashioned 
by man or nature. Professor 
G. F. Scott-Elliot says of them, 

“Surely if there is little to prove 
that eoliths were made by man, 
there is even less to convince 
us that they were formed in any 
other way.” 

The Hints of the Palaeolithic Period, as contrasted with eoliths 
that were perhaps accidentally scarred, are unmistakably the re¬ 
sult of human manipulation. They are all definitely chipped and 
fashioned (Fig. 89), exhibiting an evolution of workmanship from 
crude forms imperfectly worked of early palaeolithic days, to ex¬ 
quisitely fashioned tools and weapons of later time in the “golden 
age” of the grotto painters. 



NEOUTH 


Fig. 89. —Flints, representing three 
periods of the Stone Age. (Drawn from 
specimens in the collection at JJrown 
(Jim ersity.) 
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The Prechellean flints are crude hand wedges chipped at one end 
only, and hardly more purposeful than eoliths. They are limited in 
variety and are almost exclusively the cores of nodules rather than 
ilakes or fragments that. ha\e been chipped off from stone pebbles. 

The Chellean Hints are mostly oval list-axes ( u coup-de-poing” 
of the French), coarsel> chipped. The idea of fastening the ax to 
any sort of a handle was yet to come. 

Characteristic Acheuliun tools were hand axes sharpened to a 
point at one end. They are associated with the skeletal remains of 
the Heidelberg, Pill down, and Peiping races, while the Hints of the 
Neanderthalers wore prevailingly Mouslerian , chipped on one side 
only but of considerably better workmanship than anything that 
had gone before. For example, (lakes from stone nodules were used 
as scrapers, knives, and with notched edges as saws, while the cores 
of the nodules were made into crude list-axes. 

The four subdivisions just enumerated make up the Lower 
J'alarolilhic (I roup , as contrasted with Ihe three following sub¬ 
divisions, or Upper Palaeolithic (iron/), which brought in a “new 
kit of tools," showing the highest development of Hint work. 

The 1 urifjitucians, preceding the Cro-Magnons, lasted some 
7000 to 0000 years in Furope, and added bone and ivory harpoons 
to their equipment. Among other I hings they also invented needles, 
or slender splinters of bone w itli a hole in one end so t hat thongs of 
sinew could be I breaded through and skins sewed togetherbv means 
of them. One of the greatest of human inventions is the needle. 
TNo animal, even an ape with busy exploring lingers, ever conceived 
such an idea, much less put it into oiled 

Tin* most beautifully chipped of all Hints are the thin “laurel- 
leaf" lance-heads of Ihe Solulrcun culture. From lliis lime on the 
art of fashioning flints declined. 

The. Miujdeleuian subdivision is characterized more by the use 
of bone, horn, and ivory, and by polychrome paintings in caverns. 

The Azilian and Tardenoisuin subdivisions of the transilional 
Mesolithic Period witnessed a further decline of the art of working 
flint, although it is apparent that handles were employed for ax- 
Jleads and arrow- or spear-points were bound by thongs to wooden 
shafts at that period. These two latter subdivisions are distin¬ 
guished from each other by the fact that, the Tardcnoisian sub¬ 
division was characterized by the occurrence of painted pebbles of 
unknown use, not present in the Azilian culture. 
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The comparatively short Neolithic Period is distinguished from 
the Palaeolithic subdivisions not only because neolithic tools and 
weapons were fashioned into a larger variety of definite shapes for 
obvious uses, but also for the reason that they were polished smooth 
(Fig. 89). All evidence thus far gained shows that flints were 
chipped for thousands of years before man learned to polish them. 

Many flint instruments, particularly those of the neolithic t>pe, 
continued to be manufactured and used long after rnetals were 
employed in the Bronze and Iron Ages, just as modern means of 
locomotion, such as ox-carts, horses, bicycles, automobiles, and air¬ 
planes, while lending to supersede what has gone before., still per¬ 
sist long after they have lost their dominance. 


\ 11. Timi: Sc\u;s 

There is no doubt that, to our myopic vision at least, contem¬ 
porary events of our individual lifetimes are the most interesting 
part of all human history, but a single lifetime of even "three 
score years and ten" is only one one-hundredth of the approximate 
time involved in written history. Historical events that seem very 
ancient in contrast to the times in which we now live, appear quite 
recent, against the background of the "Cultural Ages’* of I lie 
archaeologist, while in turn the cultural ages crowd magically for¬ 
ward into what seems likv the immediate present when their posi¬ 
tion in geologic time is considered. It is a good thing occasionally 
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to ignore the fleeting news events of the day and to stretch one’s 
sense of time by probing into the abysmal past. Man is the only 
animal who has the capacity to look both ways and to be aware of 
the past and future. 

The table on page 129 is an attempt to visualize the reaches of 
past time. 


VIII. Conclusions 


The continuing wonder of mankind is man. llis achievements are 
like a rapidly widening wedge, awakening “undiininished interest 
in every man born into the world’' (Huxley). The fascinating 
theme of the anthropologist and the archaeologist, however, is par¬ 
ticularly liable to fall a prey to premature generalizations. Never¬ 
theless certain conclusions from “spade history,” as contrasted 
with written or legendary history, may be stated with consider¬ 
able confidence. 

(1) There are many converging lines of evidence which point 

unmistakably to the great antiquity of man when measured 
by any historical time scale. 

(2) Man appeared in Europe at. a remote time when climatic con¬ 

ditions were diHorent from those at present, and when he 
was the contemporary of many kinds of animals now extinct. 

(3) In America tlie evidences of human antiquity, as yet dis¬ 

covered, by no means go back as far as in Europe and Asia, 
although the recently discovered flint culture of New 
Mexico, typified by unique fluted so-called “ Folsorn points,” 
two of which were discovered embedded in the backbone of 


an ancestral bison in Texas, indicate the presence of man in 
America as far back as 12,000 or 13,000 years ago when 
bisons roamed the western plains. 

(1) The direct, descent of llomo sapiens is not through any species 
of living primates, but is to be traced back to arboreal 
ancestors of very remote common ancestry. 

(5) Man is a part of the general evolutionary scheme that includes 
all life. As Dr. \V. W. Keen once said in pointing out the 


reasonableness of this conclusion, 


“The laws of mathematics 


do not hold up to 1,000,000 and then give way to something 




CHAPTER VI 


THE UNITS OF STRUCTURE 
(CYTOLOGY) 


I. The Cell Theory 

It is quite essential in constructing any house of knowledge to 
know the units out of which the intellectual edifice is built. Thus, 
the chemist must know the elements from which his compounds 
are made, the writer must, be acquainted with the alphabet, the 
mathematician with numerals, while the biologist must know the 
units that combine to form t he diversities of living bodies. 

The structural units with which the biologist deals are termed 
cells , and t he science of cells is called Cytology. 

Robert Hooke tirst suggested the word “cell” in 1665, when he 
described “little boxes or cells distinguished from one another” 
that, he saw in thin slices of cork. The word is not a fortunate 
choice, however, suggesting as it docs prison walls, for although 
“walls do not a prison make” neither do they adequately describe 
the biological unit. 'Nevertheless the term has come to stay and its 
use is now extended to indicate units of biological structure, re¬ 
gardless of whether the walls of a typical cell are in evidence or not. 

The conception that all living creatures are made up of organic 
units, or cells, dales from J8355-1H39, when Schleiden and Schwann, 
botanist and zoologist, respectively, published important investiga¬ 
tions on the subject. The essential conclusions of the “cell theory ” 
propounded by them, as now modified, are: 

(1) Every living t hing is composed of organic units (cells), or prod¬ 

ucts of their activity; 

(2) Every living thing begins life as a single cell; 

(3) Every cell is derived by a process of division from some pre¬ 

ceding cell. 


II. A Typical Cell 

A generalized undifferentiated diagram of a cell is represented in 
Figure 90. Near the center of the cell is the nucleus, surrounded 
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Ficj. 00 Diagram of a typiral c«‘U. 


by a nuclear membrane. Oulside of tlie nucleus is the cytosome , or 
body of the cell, enclosed in a cell membrane . Within the cytosome 
may be embedded pigment, granules, chondriosomes, crystals, oil- 
droplets, vacuoles, plastids, or oilier substances. Frequently there 

may also be idenli- 
lied in the cytosome 
a Liny body called 
the ccnlrosomc, from 
which delicate lines 
radiate in every di¬ 
rection. 

The nucleus is the 
headquarters of the 
w hole organized unit, 
since changes which 
the cell undergoes 
are initiated there, li is made up of more than one substance, 
a fad that is revealed by applying certain stains which, through 
chemical union, affect parts but not the whole of the nuclear 
substance equally. That part most readily stained by certain dyes 
is called clironmlin, or “colored material,” and during certain 
phases of cell life the chromatin material masses together into 
visibly definite structures called chromosomes. 

When cells crowd together during the formation of 1 issues, they 
become subjected to mutual pressure, so that their typical spher¬ 
ical shape becomes modified. Any of the several parts of a cell 
may undergo extreme modification, but most of the fundamental 
features outlined above, which make a cell an organized unit of 
living substance, characterize every cell. 

111. CYTOMORPHOSIS 

Cells are subject to the inevitable laws of change common to 
living things generally. The succession of changes through which 
each individual cell passes during its lifetime, is termed cylomor- 
phosis. 

The term may be extended to include also the transformations 
through which successive generations of cells pass in the process 
of differentiation. Thus, in Lewis and Stblir’s Histology the 
following definition is given: “Cytomorphosis is a comparative 
term for the structural modifications which cells, or successive 
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generations of cells, undergo from their origin to their final dissolu¬ 
tion. Jn the course of their transformation, cells divide repeatedly, 
but the new cells begin development where the parent cells left 
off” 

The initial phase of cytomorphosis is characterized by a lack of 
specialization. This is followed by a series of progressive changes 
in which the cell becomes linally fitted for its life work, whatever 
it may be. After a varying period of usefulness, signs of old age 
appear, until eventually the cell goes the wav of all flesh and dies, 
and its dead remains are removed from the societ y of its fellows. 

Some kinds of cells, like red blood corpuscles or epidermal cells, 
live a strenuous life, completing their entire cytomorphosis in a 
comparatively brief lime, while others, like germ cells, may re¬ 
main dormant for years in an undifferentiated embryonic condition 
before they finally move forward to fulfil their destiny. 

There is much similarity between the life of a cell and of an in¬ 
dividual. Both begin with a primitive generalized stage; both pass 
through expanding infancy and differentiating youth; both arrive 
at specialized maturity and usefulness; both wear out and die. Jn 
one part icnlar, however, t here is a striking difference. An individual 
reproduces its successors only when mature, that is, after it has 
become differentiated or specialized. A cell, on the other hand, 
reproduces its kind only while it is still in the comparatively un¬ 
differentiated embryonic phase of its life cycle, losing almost en¬ 
tirely the power to do this after it has attained specialization. The 
result is that many cell units of the body, for example nerve cells, 
having once gone through to the extreme end phases of their dif¬ 
ferentiation, lose the power to replace themselves with daughter 
cells. They have passed beyond the embryonic stage of cytornor- 
phosis when replacement is possible, and after wearing out are 
unable to leave successors. 


JY. Cell Differentiation 

The path of specialization that a cell follows in cytomorphosis is 
dependent upon the work it has to perform in the cell community.of 
which it is a part. 

A typical embryonic cell, uncrowded by neighbors, tends to be 
spherical in form but rarely has opportunity to remain so. Red 
blood cells of the lower vertebrates perhaps come nearest to re¬ 
taining the original form of embryonic cells, because the work they 



134 


BIOLOGY OF THE VERTEBRATES 


do of rolling about through the blood channels of the body is 
facilitated by their rounded shape. Leucocytes, or white blood 
cells, become irregular or amoeboid in form and have the ability 
upon occasion (o change their shape, thus enabling themselves to 
escape from the blood vessels by squeezing through between the 



Fin. 91.—Various typos of colls. A. smooth muscle colls: B, striated muscle 
colls; C, curtilage colls; I), ciliated epithelium; K, spermatozoan; F, squamous 
epithelium; G, hone coll; 11, amphibian rod blood cell; I, rod coll of retina; 
J, ameboid leucocyte; k, nerve cell; L, sperm cell of crab; M, lat cell. 


cells of lhe capillary walls into surrounding tissues, where they 
nose their way between other cells to remove dead ones or to devour 
invading bacteria in their mission of sanitation. 

Squamous epithelial cells, whose business it is to cover surfaces, 
become flattened like shingles, while muscle cells, that specialize 
in contraction, assume a much elongated form by which their 
function of stretching is best, accomplished. 

Detached cells like spermatozoa, that need to acquire the ability 
to travel in a fluid without having the propelling power of the heart 
back of them, as do blood cells, differentiate from the embryonic 
spherical form into a tadpole-like shape, equipped with a powerful 
locomotor tail that effectually drives them forward to their destiny. 
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Skeletal cells, the service of which is to furnish support or pro¬ 
tection, develop an interstitial substance; while some secreting cells 
exhaust themselves at the expense of the cytoplasm in the produc¬ 
tion of their secretions. Extreme modilication in form is seen in 
nerve cells where specialization has gone so far that it is hopeless 
to expect such cells ever to perform any other function than that 
to which they have become committed. 

These examples of differentiation are only a few of the many 
guises in which the building blocks of organic structure appear. 

Some type forms are diagrarnmatically indicated in Figure 91. 


V. Chromosomes 

With the development of the compound microscope, the inven¬ 
tion and utilization of aniline dyes and improved cytological tech¬ 
nic generally, the presence of chromosomes within the cell nuclei 
has become known, and the far-reaching 
importance of their peculiar structure 
unquestionably established. 

It has been found (1) that chromo¬ 
somes are probably always constant in 
number and shape in every cell of every 
individual of any particular species; (2) 
that they behave in a predictable way 
throughout all the vicissitudes of cyto- 
morphosis; (.‘1) that every cell not only 
comes from a preceding cell but every 
chromosome in the nucleus comas from 
a preceding chromosome like itself; (4) 
that during the changes of cytomor- 
phosis when chromosomes break up 
into indefinite masses, apparently losing 
their characteristic appearance, they later reappear in the identical 
size, shape, and sequence of units that they formerly had; (5) that 
this behavior is evidence that their individuality is maintained 
and that they are not simply chance masses of unorganized stuff; 
and (6) that the various chromosomes of any cell not only assume 
characteristic shapes and sizes, but that they also occur in pairs , 
two of each kind in every cell (Fig. 92) excepting the sex chromo¬ 
some or chromosomes of many species. 



Fig. 92. —Spermatogonial 
chromosome group in a 11 y, 
Uasyllis sp showing auto- 
soines associated in pairs, 
and the small x-c.hromo- 
some (sex) without a mate. 
(From rnicrophotograph by 
Metz.) 
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VI. Mitosis 

The usual behavior of a cell during the period of increase when 
two cells form out of one, is called mitosis . The astonishing and 
intricate details of mitosis are generally unsuspected and quite 
strange to the uninitiated, although the process is occurring con¬ 
tinuously in all living creatures, with countless repetitions. Upon 
its orderly performance depends every step that serves to differ¬ 
entiate any animal or plant, starting from the fertilized egg and in¬ 
cluding all growth and organic repairs. The founders of the cell 
theory surely could not have imagined the extent of the vistas which 
their preliminary generalizations were destined to open up, for 
mitosis is a far more detailed and coin plica ted performance than 
simply pinching the original cell in two. 

The essential thing in cell division seems to be the equipment of 
each new cell unit with a complete set of chromosomes in its nu¬ 
cleus, duplicating in number, form, and size those of the parent 
cell. In the process of cell formation, which consists of a parent cell 
dividing into (wo daughter cells, the chromosomes pla\ the leading 
part. A very brief and general description of the phases of a typical 
mitosis, with a series of explanatory diagrams follows, but it 
should he kepi in mind that the stages described as distinct really 
merge into each other continuously, like a moving picture, and 
that the actual process of mitosis from start to finish will have re¬ 
peatedly taken place somewhere within the bodil> frame of the 
reader many times over during the studious reading of this para¬ 
graph. 

Four general phases of mitosis are recognised as sufficiently dis¬ 
tinct to mark well-defined changes from the “resting cell.” These 
are known as 1 lie prophase , metaphase, anaphase, and telophase. 

The resting cell (Fig. 93, A) is characterized by the presence of a 
nuclear membrane and a chromatin network within the nucleus, 
as well as oftentimes also by a eentrosome. In the beginning of the 
proptuise (Fig. 93, U) the eentrosome is shown divided into tw'o 
parts, while in the early prophase (Fig. 93, C) the two newly-formed 
centrosornes have moved apart, and definite unconnected chromo¬ 
somes have formed out of the chromatin network. The prophase 
proper (Fig. 93, f)) is marked by the vanishing of the nuclear 
membrane. 

At the end of the prophase (Fig. 93, E) the chromosomes lie at the 
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equator of the cell, being connected by “mantle libers” with the 
centrosomes, each of which now occupies a polar position. 

In the metaphase (Fig. 93, F) each chromosome is split length¬ 
wise, while at the beginning of the anaphase (Fig. 93, G) these split 
half chromosomes begin to separate from each other and to move 



Fig. <>.'5. Mitosis diagrams. A, tin* resling cell; B, beginning prophase; 
C, early prophase; D, prophase; E, end of prophase; F, metaphase, (», begin¬ 
ning anaphase; II, anaphase: 1, beginning lelophase; .1, end of telophase. 
(After Ro\ori.) 


towards the poles, drawn by the shortening mantle libers. Mean¬ 
while the half chromosomes, each containing a sample of every 
different kind of substance that was distributed along the length of 
the parent chromosome, regain their original size at, the expense of 
surrounding material from the cytoplasm. 

During the anaphase (Fig. 93, 11) the cell body lengthens and 
begins to pinch in two, while the migration of the chromosomes 
towards the poles is completed. 
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In the beginning of the telophase (Fig. 93, I) the division of the 
cell body into two parts enclosed in separate cell walls becomes 
complete. The mantle fibers have disappeared and the nuclear 
membrane begins to reform around the two groups of cliromosomes. 

Finally, at the end of the telophase (Fig. 93, J) the nuclear mem¬ 
brane becomes complete, the chromosomes again assume the 
appearance of a chromatin network, and two resting cells take the 
place of the single one with which the quadrille of mitosis began. 


"VII. Fertilization 

Mitosis makes clear how cells are derived from preceding cells. 
It also indicates the process involved in the derivation of one 
individual from another by so-called asexual methods, whereby a 
fragment of an organism made up of many cells may enlarge into a 
new individual. This is really only another instance of growth 
whereby a part breaks free from the parent organism and estab¬ 
lishes an independent individuality. It does not account, however, 
for the process of vertebrate reproduction involved in the formation 
of a new individual from two parents. 

Sexual reproduction, which is the prevailing means of numerical 
increase among higher animals and plants, involves something more 
than an unbroken succession of mitoses. The essential feature of it 
is the combination of the chromosomal resources of two cells, egg 
and sperm, to form an independent starting-point for a new series 
of mitoses. 

If mitosis can be defined as making two cells out of one , then sex¬ 
ual reproduction may be described as making one cell, that is, a 
fertilized egg, out of two cells (Fig. 91). 

As has been shown, mitosis is an elaborate process by means of 
which the same number of chromosomes is maintained throughout 
all the successive generations of cells that make up an individual. 
When cells from two such individuals unite, some provision must 
be made for the reduction in the number of their chromosomes, 
else the cells of the new series of mitoses in the new individual will 
have double the typical number of chromosomes for the species. 
This situation is met by a preparatory process of maturation , or 
“maturing,” whereby half of the chromosomal material in each 
cell is discarded. This process of the disposal of half of the germ¬ 
cell chromosomes is termed meiosis. 
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When the “ reduced ” germ cells, each with half the normal equip¬ 
ment of chromosomes, join forces, the resulting fertilized egg has a 
complete orthodox outfit of paired chromosomes. In this manner 
the chromosome number in each cell remains constant throughout 


<f $ 



all successive generations of the species in question. This pro¬ 
cedure explains why the chromosomes in every cell, whatever their 
number, appear in maled pairs , since one of each kind comes from 
each parent. 
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The process of meiosis differs from that of mitosis in that the 
chromosomes of the germ cells are not first split longitudinally, but 
instead, are brought together in homologous pairs ( syndesis ) side 



a. Entry of Sperm 


h. Loss of Sprint Toil 


c. Din is ion of 
Cenlrosome 





d. Approach of Sperm 
Nucleus 



e. Increase of Sperm 
Nucleus 



f. Formation of 
Chromosomes 



g. Splitting of Chromosomes 



h. Anaphase 



i. Two-celled Stage 

Fig. 95.—Fertilization. 

by side, those of a kind together. These pairs take up their position 
in the middle region of the cell just as split chromosomes do during 
the metaphase of mitosis. They present a similar appearance, 
except that there are only half as many groups of them and the 
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partners in this case are two whole chromosomes instead of two 
halves of a split chromosome. 

As the partners separate and go to the two poles, each daughter 
cell gets half the normal number of chromosomes making up one 
complete set ( haploid ) of all the different kinds, instead of duplicate 
sets ( diploid) of split chromosomes, as in every mitotic division. 

Fertilization , or the union of t wo haploid sets, restores the diploid 
outfit, and the zygote , or fertilized egg thus formed, now stands 
ready to carry on by mitosis the diploid condition to all the in¬ 
numerable cells of t he body (Fig. 95). 


VIII. The Determination of Sex 


There is one outstanding exception to the rule that all individuals 
of any particular specie's have the same number of chromosomes in 





Fio. 96. -Chromosomes of human male. At the left is shown tin* typical 
arrangement. of 18 chromosomes on (he equatorial plate of a spermatogonium. 
The* smaller chromosomes are neai llm center. At the right the chromosomes 
from a somatic cell are soiled out and arranged in pairs. (After Evans and 
Swezy.) 


every one of their structural units. Among many species there is 
found to be one more chromosome in each cell of the female than of 
the male, although curiously in birds as well as in butterflies and 
moths (Lepidoptera) the reverse is true, the male showing one 
more chromosome than the female in each component cell. This 
sexual difference in chromosomal count occurs because in one sex 
only among all the pairs of mated chromosomes (autosomes) there 
is ail odd chromosome without a mate. This odd chromosome is 
called the sex chromosome, or allosome , since it is involved in the 
determination of sex (Fig. 92). 

In man there are 23 pairs of autosomes in each cell and in addi¬ 
tion in the male a mismated pair of allosomes, x and y, making a 
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total of 48 all together, while in the female besides 23 pairs of auto¬ 
somes there is a pair of allosomes, both x, likewise making a total 
of 48 (Fig. 96). 

As a result of this inequality when the sex cells undergo meiosis 
and discard half their equipment of chromosomes, the mature eggs 
are all alike (23 + x), while the mature sperm cells are of two sorts 
(23 + x) and (23 + y), according to whether the unmated y is re¬ 
jected or not during meiosis. The sex of the future individual is 
consequently dependent upon which kind of sperm unites with the 
egg, as follows: 

egg sperm, fertilized egg 

(23 + a*) + (33 + x) = (16 + 2x) — 9 (female), 

(23 + x) + (23 + y) = (46 + xy) = cf (male). 

Sometimes allosomes, instead of being represented in one sex by 
a mismated pair, are present in one sex as an odd allosome. In this 
case they are labeled the x and a allosomes. Determination of the 
sex of t he resulting individual, iiowever, comes out exactly as in the 
case of the mismated allosomes, that is: 

egg sperm fertilized egg 

(autosomes + x) + (autosomes + x) = (double autosomes + 2x) = 9, 
(autosomes + x) + (autosomes + o) ~ (double autosomes + lx) = d\ 

Still other combinations of allosomes have been observed, but 
although the number of allosomes and autosomes varies in differ¬ 
ent species of animals and plants, all cases agree in producing either 
one kind of mature eggs , and two kinds of mature sperm , or the re¬ 
verse, so that the determination of sex in a new individual is refer¬ 
able to a definite combination of the chromosomes, making the 
chances fifty to fifty that either sex results, which agrees approx¬ 
imately with observed findings. 

IX. A World of Billions 

The total number of cellular units taking part in the structure of 
the human body is beyond all imagination. Dr. Keen notes that 
the hair of a man’s beard grows one millimeter in twenty-four hours. 
The constituent cells in the make-up of a millimeter of hair are, by 
count and computation, roughly 10,000, so that seven or eight new 
cells per minute grow continuously for every hair. Multiplying this 
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number by the total estimated hairs of the head, one arrives at 
figures that even a mathematician has difficulty in comprehending. 

The example given concerns but one of the many kinds of organic 
units which take part in the formation and repair of the human 
frame. When it is remembered that each one of these cells arises 
from a preceding cell by the elaborate machinery of mitosis, the 
laziest person may feel well assured that he has accomplished 
something at the close of every day. 



CHAPTKH \Il 


DIVISION OF LABOR IN TISSUES 

(IIISTOMX.Y) 


I. TlSSlJliS 

IIlSToiAMiY, or lho science llial deals with tissues, includes Cy¬ 
tology which was considered in the preceding chapter. The cells 
formed by successive mitoses from the fertilized egg differentiate 
into various tissues that constitute the body. A tissue is an associa¬ 
tion of similar cells which have undergone specialization for some 
particular purpose. Thus, bone tissue is made up of bone cells 
that are very much alike, while epithelial tissue is an association of 
epithelial cells that resemble each other. 

The similar cells constituting a tissue may be connected with 
each other either by delicate strands of cytoplasm that penetrate 
the enclosing cell walls, or by an intercellular ground substance of 
some sort either secreted by the cells themselves in die form of 
exaggerated cell walls, or formed out of intruded interstitial mate¬ 
ria] arising ext raucously, like mortar between bricks. 

Combinations of tissues make organs in much the same way that 
different textiles are combined into garments, and in turn organs 
make systems, just as different garments together make costumes. 
For example, the stomach is an organ that is assembled out of 
muscle tissue, blood tissue, gland tissue, nerve tissue, and the like, 
which together with other organs like the teeth, intestine, and 
pancreas, forms t he digestive system. 

For purposes of general description tissues may be classified as 
follows: 


I. Fluid tissues 
II. Stationary tissues 

1. Epithelial 

2. Connective 

3. Muscle 

4. Nerve. 
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IT. Fluid Tissues 

The fluid tissues are blood and lymph. Their cellular components 
are disconnected and are, therefore, constantly rearranging them¬ 
selves with reference to each other, unlike the cells of other tissues 
which maintain a comparatively stable spatial relationship with 
each other. 

In the lower vertebrates, such as the eoelenterates and flat worms, 
the blood lias no cells. Many invertebrates, and amphioxus among 
the chordates, have only amoeboid while blood cells, but the blood 
of vertebrates generally is characterized by the presence of both 
white and red blood cells, and is consequently an elaborated fluid 
tissue. 

Fluid tissues permeate the spaces which separate other tissues, 
and even the interstices between the cells of these tissues. They 
also occupy larger spaces, like a b 

the cavities of the joints, for 
example, and particularly cir¬ 
culate through special chan¬ 
nels, called blood vessels and 
lymph spaces, that extend to 
almost every part of the I ii. 

body. In a later chapter, 

* 

further consideration of the 
blood will be given. 



\ 0 \'\ § 


(?! p ( i»)i p 

.1 l_L 


I ' III (L 





III. Ki'itiielial Tissues 

Epithelial tissues (Fitf. 97) Fl( . ^.-Kpilhrlial tissues. a, OIK'- 
arc the most, primitive o( all Invert'd flnl epithelium. l>, onr-lnycred 
1 issues r riiev come into eon- r ul>icul epithelium. two cells with entit le 

tad With other stationaiy tiudiuiTi; d, <*iliated epithelium. e. inany- 

tissilCS on one surface only , layered epilhelium: f, transitional epi- 

since they clot he the outer Ihi'liiini; g, slrnlilied epithelium. (After 

4 . p ,, , ! ... S/vmonowicz.) 

surfaces ol the body and line 

various cavities and passage-ways, including the blood vessels. 
They produce both cells that, receive stimuli from the outside world, 
and those that secrete and excrete different substances, as well as 
giving rise to the highly important sex cells. 

There is usually a minimum amount of intercellular material 
in epithelial tissues. The cells composing them may assume a 
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squamous, cubical, or columnar form, and may be arranged in a 
single layer or a succession of layers. 

Glandular epilhrlial tissues have a great variety of functions in 
the economy of the organism, namely, digestive in the salivary, 
gastric, and pancreatic glands; defensive in poison glands of snakes, 
and stink glands of skunks and other carnivores; protective in the 
mucous glands of fishes and amphibians, the shell-producing glands 
of mollusks, and the ink glands of squids; lubricative in the oil 
glands of the hair, and in mucous glands generally; nutritive in the 
mammary glands, and the albuminous and yolk-forming glands of 
birds; constructive in the spinning glands of spiders and cocoon- 
forming insects; cleansing in the lacrimal glands of the eyeball; and 
temperature-regulating in the sweat glands of the mammalian skin. 

When substances produced by gland cells are utilized for the 
benefit of the organism as a whole, they are defined as secreting 
glands, but if the substances produced are waste products that are 
cast out of the body, they are termed excreting glands. 

If a gland is supplied with a duct whereby its products may reach 
the outside or be poured into some internal cavity or passage-way, 
it is termed an exocrine gland, but if no duct is present and the 
products of glandular activity must be transferred to the blood in 
order to be distributed, then it is known as an endocrine gland, and 
the substance which if produces, as a hormone . 

The morphology and behavior of these various glands will re¬ 
ceive more attention later. It is sufficient here merely to assign 
them to their proper place among the epithelial tissues. 

TV. Connective and Supporting Tissues 

Connective and supporting tissues of vertebrates lie usually inside 
of the integument that clothes the body. The component cells of 
these tissues do not form layers, as epithelial tissues tend to do, but 
are massed together with more irregularity, and their intercellular 
substances are usually much more ii\ evidence, particularly in 
cartilage and bone. 


1. CONNECTIVE TISSUES 

Included among connective tissues, whose mission is filling space 
between organs and parts of organs, are at least five different sorts 
that may in some instances merge into each other, namely, (1) gelat¬ 
inous; (2) notochordal; (3) reticular; (4) adipose; and (5) fibrillar. 
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Gelatinous tissue reaches its most characteristic expression in 
sponges, and semi-transparent pelagic animals, such as medusae 
and ctenophores, in which the 
jelly-like bulk of the body is 
composed of secreted inter¬ 
cellular material throughout 
which are scattered a few cells, 
frequently joined together in 
a very open meshwork by 
delicate cytoplasmic bridges. 

This type of tissue does not 
commonly appear in the bodies 
of adult vertebrates, although 
during embryonic develop¬ 
ment the so-called mesenchyme 
passes through a gelatinous 
tissue phase. 

In notochordal tissue , on the 
contrary, there is a great re¬ 
duction of intercellular ma¬ 
terial, so that the thin-walled 

cells lie closely pressed to- ripheral notochordal cells; N, no to¬ 
gether (Fig. 98). Whatever dlor(1 - (Drawn by K. L. Bunion.) 

rigidity is attained by this tissue is due largely to the fact that 

the cells are so tightly packed within a 
tough sheath that a certain turgor re¬ 
sults like that when sausage meat is 
crowded into a casing. 

Reticular connective tissues (Fig. 99) 
form the meshlike supports that charac¬ 
terize many of the softer organs, like 
the liver, spleen, and lymph nodes, 
which are ordinarily thought of as being 
without internal skeletal devices of any 
kind. 

Adipose tissue is somewhat similar to 
the ordinary reticular tissue that forms 
the skeletal matrix of soft parts, for in 
this tissue groups of cells that specialize in fat storage lie enmeshed 
in a loose reticulum. When the fat cells are melted out of a piece 



Fig. 99. -Reticular con¬ 
nective tissue from a lymph 
gland of a eat, to show 
the supportive skeleton of a 
soft organ. (After Kruuse- 
Schmahl.) 



Fig. 98. Cross section through the 
notochord and its sheaths, from u young 
dogfish. No, nerve cord; Ps, primary 
sheath; Ss, secondary sheath; Pnc, pe- 
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of fat pork by frying, for example, a residual network is left 
behind which is the skeletal, or reticular, part of the adipose tissue. 

Like other connective tissues, Jihrillar tissue (Fig. J00) consists 
of cells but it is distinguished principally by libers that interlace 
among the cells. These libers, themselves the product of cellular 
activity, are of two sorts, white non-elastic libers, and yellow 
elastic fibers. The yellow libers are peculiar to vertebrates. They 

occur in such parts of the body as the walls 
of the blood vessels, valves of the heart, the 
lining of the alveolae of the lungs, and in 
inter vertebral ligaments. Both yellow and 
white libers may be densely compacted to¬ 
gether, as in fascia and sheaths of muscles, 
in perichondrium and periosteum , or they 
may be arranged in the form of looser tex¬ 
ture, such as is found in t he walls of blood 
vessels and I he dermal part of the mamma- 

Fi<;. 100. -luLrillar |j UIJ w j UTe they form the substance that 

tissue m the lorni ol elas- . * 

tic curtilage, from the ex- 1S manuiactured into leather. 

ternal ear of man. (Al- In the sclera of the eyeball and in tendons 

Hiiher^) 111 J)HVH,<>n ami between muscles and bones, Hie fibers are 

mostly white. Fibrillar tissue plays an 
indispensable part in holding things together and is probably the 
most widespread tissue in the vertebrate body. 



& 




2. SUPPORTING TISSUES 

(a) Cartilage Cartilage, or “gristle," is a non-porous, nerveless, 
bloodless tissue that enters into the skeleton of vertebrates. Its 
texture is not as lirrn and unyielding as bone, and consequently it is 
better adapted as scaffolding for water animals, such as lishes, 
where the surrounding medium helps to support the body, than for 
such use in land animals whose weight is held up in thin air. 

There may he distinguished at least live kinds of cartilage, 
namely, (1) precartilage; (2) hyaline; (3) fibrous; (4) clastic; and 
(5) calcified cartilage. 

Precartilage is a temporary embryonic- type that precedes the 
formation of other kinds, hut may sometimes endure in the adult 
organism, as in the fin rays of certain lishes. If consists of cells 
that have the power to secrete a thickened cell wall, or an intercel¬ 
lular malm, at the expense of their own cytoplasm. 
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When this process has continued until the diminishing cells 
have isolated themselves from their neighbors in a sea of surround¬ 
ing matrix, which is somewhat lirm and translucent, the hyaline 
stage has been reached (Fig. 101, C). Hyaline cartilage is found in 
the bendable and projecting part of the human nose, at the ends of 
the ribs joining the breastbone, in the stiff incomplete rings that 
keep the tracheal and bronchial tubes from collapsing, and in other 
parts of the bodily 
structure. w** 

The matrix between © K->' 

the cartilage cells may *’ 


be interwoven with ' 

hers, either while or *** 

yellow, as in librillar WUh 

connective tissue, in ^ ® ^ 

.. i -.i r >i Fit;. 101. - r rhf. cliflVrrntiation of 4'iirti- 

which case either I ibrous . * , „ . ,» ... 

luge. A, incsrnchvme rrlls; U. pro-cartilHgo; 

OI* elastic cartilage is (’, hyaline cartilage, wilh the hyaline matrix rep¬ 
tile result. Fibrous car- resented in black, in which the cells are cm- 

... i! bedded. (Al’ler Lewis and Slbhr.) 

til age is typically repre¬ 
sented by the padlike intervertebral discs separating the centra 
of lhe vertebrae in the backbone, while elastic cartilage is found 
in such places as the epiglottis, and the pinna of the external ear 
which fortunately springs readily back into its original shape when 
distorted. 

Sometimes the intercellular matrix of hyaline cartilage becomes 
inliltrated with limy salts, when it is designated as calcified car¬ 
tilage. 

(6) Bone.— Bone is the best known of (he skeletal tissues of 
vertebrates. As contrasted with cartilage it is supplied with nerves 
and blood vessels, and is considerably more rigid. 11 includes at 
least two kinds of cells, osteoblasts and osteoclasts. f ] he first o( these 
are bone-forming cells which produce the limy intercellular matrix 
that characterizes bone. The osteoclasts, on (lie other hand, are 
bone-wrecking cells , that, tear down bone tissue and make possible 
the rearrangement of material necessary (o the accomplishment of 
growth among such unyielding building materials as bone cells. 

Bone consists of two essential substances; (I), an organic base 
of living cells, and (2), in the excessively developed matrix 
surrounding these cells, an inliltrated mass of inorganic limy salts. 
These two components are so intimately joined that there is no 
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visual way of separating them, yet each alone is sufficient to give 
characteristic contour to a bone, for when the organic part ir 
burnt out by fire, or the inorganic component is dissolved away by 
acid, the part remaining in each instance preserves the original 
form of the bone. 

In relative weight the inorganic, or mineral, part of bone is 
about three fourths of the whole, although the ratio of inorganic to 
organic varies with age, ordinarily becoming greater the longer the 
bone lives. According to lleintz an analysis of the mineral con¬ 
stituents of a human femur resulted as follows: 

Per Cent 

Calcium carbonate. 9.06 


Calcium phosphate. 85.62 

Magnesium phosphate . 1.75 

Calcium fluoride. 3.57 


100.00 

The einbryonically active osteoblasts are responsible for the 
formation of bone tissue. By their rapid multiplication living 
bone cells are formed which in turn secrete the hard parts, or 
lamellae. As bone grows, however, it becomes necessary not only 
to add new tissue but also to remove that which has already been 
formed. Comparing the lower jaw of an infant with that of an 

adult (Fig. 102), it is evident that no 
single cell of the former structure can 
persist unchanged throughout the proc¬ 
ess of growth. The jaw of an infant is 
not simply added to as it becomes larger, 

Fig. 102._Diagram com- but all the building material composing 

paring the jaw of an infant it must- be broken down bit by bit and 

Khlliker ) 811 adUlt ^ iCT reassembled, and supplemented many 

times before the adult bone is fashioned. 
It is as if a stone building were enlarged not simply by adding to 
the outside of it as it stands, but by tearing it down and reassem¬ 
bling it with additional stones in order to enclose a larger area. 

This wrecking of bone tissue already formed in order to make 
way for rearrangement and enlargement is accomplished by the 
rather large definitely identified cells called osteoclasts . The de¬ 
structive work of these cells is not always followed by equally 
constructive reorganization, however, for when the work of the 


\ 
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osteoclasts exceeds that of the osteoblasts, a bone decreases in 
size. Thus, in toothless old age (Fig. 103), the lower jaw not only 
becomes smaller through the loss 
of teeth, but the bony sockets in 
which the teeth were set also de¬ 
crease in size through the removal 

of tissue by osteo¬ 
clasts, with the re¬ 
sult that the chin ^ rril 

, , Fig. 103.— The condition of the 

and llOSC tend to j uw j n () J ( J a g C », showing the acute 

hobnob together projection of the chill resulting from 

(Fig 104) the loss of teeth and the absorption 

tt. r o „ of the sockets for the teeth. 

Fig. 104. In Some bones of 

the^chin^lufd ^ ie particularly those of the roof of the skull, 

the nose tend are formed by osteoblasts directly, while others, 
to hobnob to- notably those that make up most of the skeleton, 

Camper r are a * l a *d down as cartilage. This temporary 

cartilaginous scaffolding becomes invaded laler by 
an army of destructive osteoclasts (more properly chondrioclasls ), 
which are followed up by constructive hosts of osteoblasts, trans- 



Fig. 105—A diagrammatic stereogram of bony tissue. Haversian canals and 
lacunae in black, leaving the bony lamellae white. M.O., marrow cavity; I.C., 
inner circumferential lamellae; I.L., interstitial lamellae between the Haversian 
systems; ILC., Haversian canal; C.L., concentric lamellae surrounding an 
Haversian canal; P., periosteum, or skinlike connective tissue enveloping the 
whole bone; O.C., outer circumferential lamellae. 


ported to the scene of reorganization from outside the area in 
question. In this way the cartilage is bit by bit replaced by bone. 
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When a thin slice of bone is taken from a cross section through 
the shaft of the femur, for instance, and ground down to translucent 
thinness, if examined under I he microscope, it is seen to be made 
up of innumerable small bony plates, or lamellae (Fig. 105). These 
plates of inorganic material are arranged in more or less orderly 

fashion willi reference to the minute 
spaces lhey enclose in which the 
living bone cells lie. and in at least 
three different ways, concentrically, 
inters!ilially, and circumferentially. 

Concentric lamellae , somewhat like 
rings of growth around the pith of a 
woody stem, envelop small lubelike 
branching passage-ways, the llaver - 
sinn canals , which permeate the bone 
lengthwise, forming the conduits for 

•nga fragment ol hom* li.ssurjii. j|, ( » passage throughout the bony 

the edge of sill I lax rr^iiiii caiml, . • <• *u * i i , • \ 

,, , i*i |i ■ , 1 issue ol capillaries lymphatics, and 

through which nloou vessels ' * J 

and neives peneii.Ue die sub- nerves. The Haversian canals, sur- 

st ame of the hone Eight, la- rounded by concentric lamellae, are 
'■'T'- ; ; 1>ps1. smi in I he douse I issue of the 

1 heir eonmvlion l.v mnaliruli. e\ lindrienl shafts of I lie lonj? bones 



/ 


Hdversm canal 


Fio 106 - A diagram shovv- 


T tie lion^ lamcll.tc me repre 
senled in hlaek. 


in the appendages, where they rom- 
municale both with the periosteal 
coverings of the bone on I he outside and also through the entire 
bonv tissue to the marrow easily inside. They constitute the sub- 
ways for organic Irallic throughout, the bone tissue, making this 
part of the skeleton a living adjustable structure. 

Interstitial lamellae are necessarily irregular since they fill in 
spaces between neighboring Haversian systems. 

Finally, circumferential lamellae are arranged either around the 
outside margin of the whole cross section of the bone shaft, just 
beneath the periosteum, or as an internal layer grading over into 
the spongy (issue that borders the marrow cavity within the bone. 

The Haversian canals are not the only spaces between the lamel¬ 
lae that help to make the living bone porous. Between the hard 
lamellae separating them from each other are tiny spaces, called 
lacunae , or little lakes,” in which lie imprisoned the living bone 
cells. Lacunal spaces communicate with each other through cana- 
liculi , which arc microscopic holes in the walls of the limy lamellae. 
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The relation of these structural details of bone tissue is shown in 

Figure 106. 

(c) Teeth .—The teeth of vertebrates are among the most en¬ 
during of animal tissues. The dentine, or “ivory," that makes up 
the bulk of a typical tooth (Fig. 107), surrounds the pulp cavity , 
housing the nerve supply and the nutrient blood vessels, but is not 
itseif traversed by nerves or capillaries, 

although it is honeycombed by very mi- /. A ^ 

nut e radiating canals. 1 'snail y the exposed 

surface of a vertebrate tooth is faced /:'Jm n 

with enamel , the very hardest of all I is- 

sues, which is prismatic in structure and r 

entirely without minute canals. In teeth f^Wji 

set in sockets, like human teeth, the roots 

are embedded in cement , a bonelike tissue m iflp IH LP 

that anchors the tooth lirmly to the jaw. 

Ouo of I ho commoMPsI munifphl alions ^ 

of life is movement. Kven in stationary 

plants living cytoplasm streams about 

within the cells, and fluids are passed from 

Oiie part to another.. Within the animal 

bod\ certain ineiubers of the cell com- ^ IA - 1A - 

\ rio. 10 4 -Dingnimina- 

munily, like blood cells, shift about with tic i onK section through 

much freedom, while other kinds of (‘ells, a typical canine tooth. E, 

i . /• i i* i i i enamel; I), dentine; (i, 

leucocytes tor example, are liable to , ’ . 

1 gums; P, pulp cavity in 

change their shapes. The well-nigh uni- which are capillaries and 

versal ability of living cells to move or endings; J, jaw 

i i i » , • i u bone; C. eernenl. (Drawn 

change shape, culminates m muscle cells , ^ k ! Bunion) 

whose conspicuous contraclilily not only 

causes internal movement but exercises an intluence for motion 


Fiu. I07.--I>iagr«mina- 
tic long section through 
a typical canine tooth. K, 
enamel; I), dentine; (i, 
gums; P, pulp cavity in 
which are capillaries and 
nerve endings; J, jnw r 
bone; C. cement. (Drawn 
b> K. L. Bunion.) 


also in more or less distant parts of the body to which they are 
directly or indirectly attached. 

The cytoplasm of the elongated muscle cells is differentiated into 
sarcoplasm and myofibrils , as well as sheaths which clothe the sarco¬ 
plasm like a thin rubber glove. Myofibrils are embedded in the 
sarcoplasm and are the particular mechanism of elasticity. They 
are peculiar in that they effect contraction in only one direction 
instead of in any direction, as is the case with ordinary contractile 
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cytoplasm. Muscular movement is always brought about by the 
pull of muscles, while restorative movements are in turn effected 
by the pull of antagonistic muscles, and not by the relaxation that 
follows contraction. Muscle tissue is, therefore, simply specialized 
tissue in which the general function of contractility is carried out 
more effectually than elsewhere. 

Dr. A. E. Shipley has vividly emphasized the power that may be 
stored in muscle tissue by citing the performance of a jumping flea. 
Some patient person who succeeded in weighing nine fleas found 
their average weight to be 0.38 milligrams. Fleas can leap from 8 
to 13 inches. If a man who weighs 70 kilograms, or about 150. 
pounds, made a corresponding leap he “could leap to the moon in 
about ten jumps.” 

There are three kinds of muscle (issue that differ in the degree 
or manner of differentiation, namely, smooth, striated, and cardiac. 

1. SMOOTH MUSCLE 

Smooth muscle cells have a single nucleus near the center of the 
cell, are usually spindle-shaped, and rarely forked at the ends. In 
man they vary in size from 15 miera (15/1000 of a millimeter) in 
blood vessels, to 200 miera in the digestive tube, while in the walls 
of the uterus during pregnancy (hey may reach 600 miera in length. 
In the pliant walls of the bladder they are more or less interlaced 
or felted together, lying in every direction, so that the bladder 
when it is emptied contracts like a toy balloon rather than collaps¬ 
ing like an empty hot-water bag. 

Smooth muscle cells are often isolated or in thin layers, or more 
rarely massed together into bulky tissues. They are widely dis¬ 
tributed throughout the body, and are found for example in the 
skin where they act as hair-raisers, feather-duffers, or around the 
openings of glands where they act as doorkeepers. They also form 
a large part of t he contract ile walls of various tubes and passage¬ 
ways, such as blood and lymph vessels, the digestive tube (except 
the upper part of the esophagus), the trachea and bronchi, the 
reproductive ducts, and the ureters. 

2. STRIATED MUSCLE 

Striated muscle tissue is “flesh,” and in man it constitutes ap¬ 
proximately fifty per cent of the weight of the entire body. It is 
found not only in the bulky body wall, and the muscles of the limbs 
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where it effects locomotion, but also, at least in the higher verte¬ 
brates, in the diaphragm, tongue, esophagus, pharynx, larynx, and 
the muscles of the eyeball. 

The component fibers of striated muscle tissue, which are quite 
evident in cooked corned beef, are commonly elongated cells that 
are no longer able to be served, like smooth muscle cells, by a single 
nucleus. In consequence scattered along the fiber many nuclei are 
present, like substations. 

The descriptive term “striated” refers to the fact that the elastic 
myofibrils , which extend embedded throughout the length of the 
fibers, are differentiated into alternate beadlike bands lying side 
by side across the bundles of fibers in such a fashion as to produce 
a striated effect. These beadlike parts of myofibrils are physically 
and chemically unlike the connecting parts between the “beads,” 
because they stain differentially with aniline dyes and refract light 
differently, the dark beads, or anisotropic bands , being doubly re¬ 
fractive in polarized light, while the isotropic bands , or parts be¬ 
tween the beads, are singly refractive in polarized light. 

Moreover there is a physiological difference, as well as physical 
and chemical, in these parts of the contractile fibrils within a muscle 
fiber, since anisotropic bands shorten more than isotropic bands 
during contraction. 

In birds the “white meat” of the breast is characterized by an 
exteess of myofibrils, while the “dark meat” has more sarcoplasm 
and less myofibrillar substance in its fibers. 

In general the striated muscles effect quick movements of com¬ 
paratively short duration and are voluntary , that is, under the 
control of the will, while smooth muscle tissue is involuntary and 
much slower in action. There are certain notable exceptions to this 
generalization among invertebrates, for the body muscles of some 
mollusks are smooth and voluntary, while the visceral muscles of 
insects and crustaceans are typically striated and involuntary. 

3. CARDIAC MUSCLE 

The tissue of the muscular vertebrate heart is intermediate in 
character between smooth and striated muscle, in that the com¬ 
ponent cells are comparatively short, branching, and involuntary 
in action, although striated in appearance and multinuclear (Fig. 
108 ). 

The enormous dynamic force exercised by any kind of muscle 
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I issue is seldom realized. The tireless heart of man, for example, 
knows no rest, as one ordinarily thinks of rest, but throbs faithfully 
day and night without skipping a beat throughout a long lifetime. 

VI. Nerve Tissue 

Nerve tissue is characteristic of animals rather than plants, al¬ 
though the nervous function of sensitivity is a fundamental prop¬ 
erl y of cytoplasm, by no means 
absent from plant life. It con¬ 
sists of specialized nerve cells, 
or tieurons , accompanied 
nutritive components of vari¬ 
ous sorts, connective tissue, 
and non-nervous supporting 
neuroglia cells of ectodermal 
origin. The cytoplasm of neu¬ 
rons is differentiated by the 
presence of neurofibrils, that 
differ from the rest of the cell 
in chemical composition, as shown by staining methods, and which 
are particularly fitted for the reception and transmission of im¬ 
pulses or stimuli, just as myofibrils are specialized instruments of 
contractility in muscle cells. 

Neurons exhibit extreme modification from the characteristic 
spherical embryonic form, the cytoplasm being drawn out into 
extremely elongated processes or libers of two kinds, called re¬ 
spectively dendrites and neurites. 

Dendrites are numerous and branch freely like a tree, as their 
name indicates, while there is only a single neurite to each cell. 
The neurite is insulated from surrounding cells by a fatty envelope, 
or medullary sheath , outside of which in turn it is enclosed by a 
second covering of connective tissue, cellular in structure, called 
Schwann's sheath. Dendrites lack these sheaths. 

When impulses travel through a neuron along the neurofibrils, 
they do not go at random in any direction but- always enter through 
dendrites and pass out through the neurite. Impulses are relayed 
from cell to cell by chainlike contact between the neurite of one 
neuron and the dendrite of the next. 

‘‘Nerves” are bundles of neurites and dendrites that extend like 
cables outside of the central nervous system. They are enclosed in 




Fig. 108. *( wireline imisdr cells. 
(Alter S/.ymonn\irz.) 
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a common sheath of connective tissue, while ganglia, also outside 
of the central nervous system, are aggregates of neurons clustered 
together for the regulation and correlation of impulses. 

Nervous tissue thus accomplishes a double mission: first, that of 
relating I he organism to its environment through sense organs; 
and second, that of regulating and correlating the bodily activities 
by means of the central and autonomic nervous apparatus. 



CHAPTER VIII 


THE DEVELOPMENT OF THE INDIVIDUAL 

(EMBRYOLOGY) 

1. The Starting Point 

No animal or plant is an orphan in the sense that it has no 
parents. Iri protozoans produced by fission 1 lie parent perishes by 
division into progeny. The spontaneous origin, even of the most 
minute organisms, at least under present conditions on this globe, 
has been effectually disproved. Modern control of bacterial dis¬ 
eases, together with the incalculable boon of aseptic surgery and 
antiseptic practice, depends upon the clear understanding of this 
fact. 

A new organism may lie introduced into the brotherhood of living 
things by one parent or by two, but no animal or plant comes into 
the world of today unsponsored by preceding life. 

When there is only one parent the new individual is said to arise 
by asexual reproduction. The method of sexual reproduction, how¬ 
ever, that involves a double source, is by far the commoner way for 
higher animals and plants to begin their separate existence. 

The starting point, of a sexually produced individual is a zygote , 
or fertilized egg, which is a combination of two parental gametes, or 
mature sex cells. It is the purpose of this chapter to trace some of 
the more important episodes in the “miraculous pageant of trans¬ 
formations’’ that take place between the setting up of the zygote 
and the establishment of the adult organism. A fascinating part of 
biology is the particular province of Embryology, some familiarity 
with which is essent ial to the understanding of the structure and 
functions of adult animals and plants. 

Ever since Aristotle described what he saw when he opened 
hen’s eggs at various stages of incubation, embryology has been 
occupied with recording uihat changes take place during development, 
with the result that a considerable body of detailed information 
has been accumulated. In recent years embryologists have not been 
content simply to find out what happens in a transforming embryo, 
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and how the changes occur, but have sought more and more to 
explain why such changes take place. This attempt has led to 
Experimental Embryology , an aspect of biological science with 
alluring vistas that is claiming much attention today. 

Why does the power to regenerate lost parts decrease as we go up 
the vertebrate scale? Why does the orderly sequence of develop¬ 
ment sometimes become upset so that a monstrous organism re¬ 
sults? Why do groups of cells sometimes go on a rampage and form 
unorganized cancerous growth that the animal cannot control? 

II. The Necessary Partners 

1. DIFFERENTIATION OF THE GERM CELLS 

Two germ cells, sperm and egg in animals, are necessary partners 
in the enterprise of a fertilized egg. The fact that different terms, 
namely, pollen grains and ovules , are commonly employed to desig¬ 
nate the reproductive units in sexual plants, does not indicate any 
essential difference in the germ cells of plants and animals. A pollen 
grain is a spore which produces an organism, the pollen tube , from 
which a fertilizing element or cell, homologous with the animal 
sperm, passes to the ovule. 

Fertilization is the union of two diverse germ cells, and conse¬ 
quently provision has to be made for getting them together. 

The egg, which is ordinarily stored with first-aid nutriment for 
the future organism during the critical early stages of its develop¬ 
ment, tends to become relatively heavy and stationary, thus throw¬ 
ing upon the sperm the responsibility of doing the traveling in the 
necessary process of getting together. The egg does not meet the 
sperm half way. The sperm has to travel the entire distance. This 
circumstance has brought about a high degree of morphological 
difference in the germ cells of the two sexes. 

2. KINDS OF SPERM 

The result of the physiological necessity of a union of germ cells 
to effect fertilization is that the sperm cells of animals, and the 
male cell in the pollen grains of plants, become specialized into 
structures adapted particularly for locomotion. In animals this 
involves a fluid medium in which to travel. In plants the traveling 
male germ cell within the pollen grain is more often adapted for 
transport through the air. 
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placement of locomotor sperm cells in a suitable highway leading to 
the waiting egg. 

An exception to the almost universal type of sperm with a loco¬ 
motor tail is found among certain worms, A scar is for example, and 
in crabs, where an amoeboid or angular form is assumed by the 
sperm cell (Fig. 91, L). The approach to lhe egg in this instance is 
accomplished by much slower movements, the creeping sperm being 
hi contact with solid objects. 


3. KINDS OF EGGS 

The eggs of animals differ specifically with reference to the load 
of nutritive yolk which they carry. Curiously those with a min¬ 
imum amount of stored food are found at the two extremes of the 
chordate scale, namely, the eggs of ainphioxus and of mammals. 
The eggs of amphioxus probably represent a primitive condition in 
the matter of the acquisition of yolk. The poverty of yolk in the 
small eggs of mammals has doubtless come about through a differ¬ 
ent chain of (‘auses, correlated with the fad that not much stored 
food is required in the eggs of this group, since they early become 
implanted like parasites in tin 1 uterine wall of the mother from 
whom they dome their necessary nutritive start in life. As a con¬ 
sequence of the scarcity of yolk, the mammalian egg is remarkably 
small, that, of man measuring only about 1/125 of an inch in di¬ 
ameter (Fig. 109). 

In cycloslomes, fishes, and amphibians, the abundant lifeless 
yolk is mussed in the lower or “vegetal" half of the egg while the 
nucleus and most of the living cytoplasm, constituting the ern- 
bryogeuic or “animal” pole, appears on the upper side. Such eggs 
are described as tclolccithal cells. 

So much yolk is present in the eggs of reptiles and birds that the 
nucleus of the egg cell together with its liny halo of active 1 cyto¬ 
plasm, forms only a small area, or germinal disc , at the animal pole. 
When unhindered the heavy yolk invariably rotates so that the 
germinal disc comes to lie uppermost. 

In addition birds have a reserve food supply of nutritive albu¬ 
men or “white,” packed around the egg within the protective 
shell. 

If one stretches the point to include such accessory food mate¬ 
rial, the bird's egg must be regarded as the largest kind of all 
animal cells. The egg of the wingless Apteryx of the Antipodes 
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weighs nearly one fourth as much as (he entire bird. An ostrich’s 
egg is equivalent in bulk to about a dozen lien’s eggs, while that of 
the gigantic “moa,” now extinct (Fig. 48), had twelve times the 
content of an ostrich’s egg and might, therefore, easily hold the 
palm as being the largest animal “cell” ever known. 


III. Cleavage 


After the union of the sperm and egg, the first of the long series 
of stages that transform the fertilized egg into an adult individ¬ 
ual occurs, a process called cleavage. This consists of a rapid 
succession of mitoses in which the initial cell becomes divided in 
turn into two, four, eight, and so on (Fig. 110), until a mass of 



Fig. 110.—Stages in the segmentation of the egg of amphioxus. 

(After Hutschek.) 


small cells, like oranges in a crate, results, without appreciable 
increase in total weight over that of the fertilized egg. Each one of 
these small cells, or units, which are called blasforneres, contains a 
complete double set of chromosomes, bearing hereditary potential¬ 
ities from two parents, thus duplicating the original outfit in the 
fertilized egg. 

The result- of these rapid preliminary cell divisions by cleavage 
is the breaking up of the original cell into many separate working 
units more completely under nuclear control than the original 
larger cell could be. A very fundamental principle underlying 
differentiation is division of labor , and t his is facilitated when there 
are different nuclear centers present for the initiation of different 
cellular enterprises. 

IV. The Blastula 

The manner of cleavage is dependent upon the amount of inert 
yolk that is present. In amphioxus where there is very little yolk 
to hinder the process of orderly cell division, the entire egg mass 
is equally involved in cell formation and the resulting blastomeres, 
of essentially uniform size, arrange themselves in the form of a 
hollow sphere, called the blastula , the cavity within being known 
as the segmentation cavity. 
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Fig. 111. —Cleavage of an Arnbystoma egg. 
(After Eydesheiiiier.) 


When the yolk is disposed in polar fashion, as in an amphibian’s 
egg (Fig. Ill), the mitoses at the embryogenic, or animal, pole 
in the neighborhood of the original nucleus, go forward at an accel¬ 
erated rate, while the cell division is retarded at the opposite 
vegetal pole w here the 
inert yolk is particu¬ 
larly in evidence. A 
blastula is evidently 
formed but the seg¬ 
mentation cavity 
within the hollow sphere is eccentric, its walls being of very unequal 
thickness, and the blastomeres at lhe animal pole considerably 
smaller and more active than those at the opposite or vegetal pole. 

In reptiles and birds the results of segmentation aie still further 
modified by the relatively enormous amount of yolk present. The 
nucleus of the fertilized egg undergoes t he usual mitoses, but the 
new cell boundaries fail to be extended at once so as to include the 
great sphere of yolk material. The result is a patch or disc of 

crowded blastomeres 
of unequal size at the 
animal pole, the larger 
cells with incompleted 
boundaries being at the 
periphery (Fig. 112). 
This growing disc extends its margin until eventually the entire 
sphere of yolk is covered and enclosed by cells which gradually 
incorporate the underlying yolk mass within their boundaries. 
The segmentation cavity is apparently suppressed, although a 
sub-germinal cavily , present in the segmenting eggs of birds and 
filled with a fluid even in unfertilized eggs, is usually regarded as 
homologous with the seg¬ 
mentation cavity. 

The mammalian egg, in 
spite of its scarcity of 

yolk, does not behave in Fig. 113.—Stages in the segmentation of the 
. ... !»i . ... egg of a rabbit. (After van Beneden.) 

segmentation like primitive 

amphioxus, which it resembles in its small supply of yolk. The 
reason for the difference in development is probably that mammals 
have inherited developmental traditions from a series of ancestors 
which amphioxus never had. Mammalian cleavage resembles 






Fig. 112.—-The segmenting-disc of a hen’s egg. 

(After Coste.) 
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more that of reptiles and birds than of any primitive ancestors, 
although birds are obviously not in the direct line of mammalian 
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descent (Fig. 113). The 
entire egg is equally 
div ided into blastomeres 
but without the regu¬ 
larity characteristic of 
arnphioxus, so that, in¬ 
stead of a hollow blas- 
tula, an irregular solid 
mass of cells is formed. 

Later the peripheral 
blastomeres of the ger¬ 
minal mass make a 
S( >mew hat dis line ti v c 
layer, enclosing more 
spherical central cells 
(Fig. Ill, I k). Fluid 
collects within this mass 
and a hollow sphere 



Fhj. lit.- Gaslriilation. In ainphioxns. A, 
blasluki showing Mai toning of the vegetative 
polo and rapid proli fora lion of colls in the 
postoro-dorsal region: B, commence! non I- of in¬ 
folding of cells at the vegetative polo; C, in¬ 
vagination complete as the result of continued 
involution of the dorsal lip. (After (’erfon- 
taine.) In frog, I) F; in chirk, (MI. (After 
Hyman.) In rabbit, l k. (After Keith.) 


results with cells of 
two kinds arranged as 
an outer enveloping 
layer, the trophectoderm , 
which comes into inti¬ 
mate contact with the 
inner wall of the uterus 
at the point where the 
developing embryo is 
implanted, and an ec¬ 
centrically located inner 
cell mass, which is des¬ 
tined to give rise to all 


the cells that are to lake part directly in the formation of the 
embryo. 

The inner cell mass becomes further differentiated into 


two layers of embryonic cells, the ectoderm on the outside and 
the endoderm (or “entoderm” of some authors) on the inside. 
The endoderm encloses a cavity that may be regarded as the 
archenteric cavity , or primitive digestive cavity. 
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V. Gastrulation 

In animals that produce a blastula, the cells at one pole of the 
hollow sphere divide oftener and become more numerous and 
crowded than at the other pole. Since they remain in contact with 
each other without changing their relative positions to any great- 
extent they tend to form a continuous layer that is more than 
sufficient to make up the original surface of the sphere. They are, 
therefore, forced to find more 
standing room, which is accom¬ 
plished by pushing into the seg¬ 
mentation cavity, with the result 
that a double cup, or gastrula , is 
formed (Fig. 111, C). 

The new cavity within the cup 
is termed the archenteron , and its 
opening to the exterior, the blas¬ 
topore. 

These relations are very clearly 
seen in ainphioxus, but are some¬ 
what obscured in the amphibian 
egg where the segmentation cav¬ 
ity is not surrounded by walls of 
equal thickness, and a relatively smaller archenteron develops 
occupying an eccentric position (Fig. Ill, E). 

In reptiles and birds before the disc of blastomeres has spread 
out to envelop the large yolk, a crescentic fold of tissue forms on 
one side at its edge, pushing in under the margin of the disc, making 
a potential cavity homologous with the archenteron of the lower 
vertebrates, whose eggs are less hampered with yolk (Fig. 114, H). 

The formation of the archenteron in the mammalian egg comes 
about as already indicated through the activity of the peripheral 
cells of the eccentric inner cell mass that projects into the seg¬ 
mentation cavity. These cells migrate out to form a layer lining 
the original fluid-filled cavity, which now becomes the archenteron 
(Fig. 115). As a result of gastrulation the blastomeres are arranged 
in two layers, those of the outer cup forming the ectoderm , and 
those of the inner cup enclosing the archenteron, the endoderm. 
The ectodermal cells are now in a position to begin assuming sen¬ 
sory functions of the nervous system, or in a broad sense mediation 


trophoctoderm 

enclosed mass 



hypoblast 

Fig. 115. — Bilamellar blastocyst of 
a mammal. (After van Beneden.) 
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with the environment, while the 
endodennal cells, lining the archen- 
teron, or the primitive food cavity. 
Lake on nutritive activities. 

VI. Risk of the Mesoderm 

At the lip of the blastopore 
where ectoderm and endoderm join 
(Fig. 116), the mesoderm , a new 
group of embryonic cells with great 
potentialities, is born. These cells 
proliferate rapidly into the region 
that represents the former seg¬ 
mentation cavity which 1ms be¬ 
come practically obliterated by the 
approximation of the ectodermal 
and endodennal walls. The origi¬ 
nal undiHerentiated mass of blasto- 



ineres is now differentiated into 

three kinds of embryonic tissues 

destined to be transformed into the 

various structures of the body, as 

summarized in the scheme on page 

175 of Ike fate of Ike germ layers . 

To return to the elaboration of 

... 4 ! , the mesoderm, the initial meso- 

r ics. 11 o. — A , long section through 

on embryo of « wwi, Triton. B, dermal cells form a mass between 

J V, cross sections through the ectoderm and endoderm that soon 
sum,; embryo in the plan.-s indi- |j, s apart t() form a new cavi ,. y> 
cated in A. 1)1., blastopore, ccl., 11 * 7 ’ 

ectoderm; enl., entoderm: K .c„ l*ie coelome , lying wholly within 

ffHstml cavity: ines., mesoderm; the mesoderm. As a result. Ihe 
nolo., nolochord; som.mes so- meg()dmri j 8 separatrd „, U) two 
malic mesoderm; spl mas., splanch- r 

nic mesoderm; b.c., body cavity, layers of embryonic tissue, an outer 

(From Sehimkewitsch, after Eis- layer, the somatic mesoderm , next 
molIt ^ to lhe ectoderm, and an inner 

layer, the splanchnic mesoderm , next to the endoderm (Fig. 117). 

The coelomic (cavity thus formed with a lining of mesoderm cells 
on all sides gives rise to the future peritoneal and pericardial 
cavities, and also to the pleural cavities in higher vertebrates. 

In a cross section of a developing embryo (Fig. 120), it is possible 
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to distinguish throe general regions of mesoderm whirl) arc differ¬ 
ent enough to warrant special descriptive terms. They are (1) the 
dorsal cj>imeric region, out of which most of the voluntary muscles 
of the lxidy and much of the dermal layer of the skin develop; 
(2) the middle mesomcric region, from which I he excretory appara¬ 
tus of the primitive kidneys and the gonads v\hieh harbor the germ 
cells come; and (8) the ventral hypomeric region, that gives rise to 
mesenteries, peritoneum, and the involuntary muscles of the diges¬ 
tive tube. 

The coelomic cavity in aniphioxus is formed as a series of in¬ 
dependent paired sacs of coelomic pouches, arranged along either 
side of the long axis of the 
body (Fig. 118, l 4 ]). As these 
sacs expand, their neighbor¬ 
ing walls are pressed into di- 
Teel contact with each other. 

Later the double transverse 
partitions thus established 
break down and only the lon¬ 
gitudinal parts remain, form¬ 
ing the mesenteries, dorsal and 
ventral, that separate the long 
body cavity on the right side 
from that on tlie left side. 

Usually the ventral mesenter¬ 
ies also are subsequently ab¬ 
sorbed (Fig. il c ), II), bringing the cavities of the two sides into 
free communication with each other and leaving only dorsal 
mesenteries. Between the thin approximated walls of the dorsal 
mesenteries, blood vessels and nerves extend to and from the 
digestive tube. 

In animals like the chick that arise from eggs loaded with an 
abundance of yolk, the formation of the body cavity within the 
mesoderm dries not result, as in aniphioxus, from the fusion of a 
double row of separate coelomic sacs. As already pointed out, the 
germinal disc , or nuclear headquarters of the fertilized egg, under¬ 
goes cleavage until a patch of bJastorneres is formed on the top of 
the big yolk. These pioneer (‘ells and their descendants then set 
out to spread over and enwrap the entire yolk. Those on the out¬ 
side become the ectoderm, those underneath next to the yolk, 
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Fig. 1)7.- Transyerse section of an 
embryo of 2 .~> mm, showing on either 
side of l lie medullary eauul a rrieso- 
derniie somite (myotome), with the 
intermediate cell mass and ventral 
mesoderm. (Alter von Lenhossek.) 
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the endoderrn, while the mesodermal cells proliferate between 
the two. 

As these three layers spread out towards the periphery, the 
mesoderm splits apart into the somatic and splanchnic layers, the 
space between them being the coelomic cavity (Fig. 119, D). In 




Fig. 118--Formation of lh« neural tube, notochord, and mesoderm in am- 
phioxus. A D, cross sections. K, frontal section. A, differentiation of the med¬ 
ullary plate, neural folds, notochordal plate, and mesodermal pouches. B, the 
neural folds have closed across above the. medullary plate and the mesodermal 
pouches have evaginated somewhat. C, mesodermal pouches have closed off 
from the endoderrn. D, the neural tube, the notochord, the somatic mesoderm, 
and the splanchnic mesoderm begin to be evident. E, the segmen tally arranged 
mesodermal pouches appear, a, medullary plate; b, neural fold; e, notochord; 
d, notochordal plate; e, mesoderm; f, mesodermal pouches; g, ectoderm; h, en- 
doderrn; i, coelome; j, neural tube; k, somatic mesoderm; 1, splanchnic meso-* 
derm. (From Parker and Haswell, after Ilatschck.) 

this instance, however, the coelomic cavity is a continuous space 
not formed by the fusion of separate coelomic sacs, although a 
series of open pockets suggesting coelomic sacs develops in the 
mesoderm, like stalls in a community garage, near the mid-dorsal 
line of the lengthening embryo. These are the epimeric somites , 
which are destined later to become the body musculature (Fig. 
120 ). 

In man the formation of the early mesoderm is apparently some¬ 
what different, being precociously developed as a layer inside the 
trophectoderm. The inner cell mass differentiates into two parts, 
in each of which a cavity appears made by the confluence of inter¬ 
cellular spaces. The upper cavity is the amnionic cavity , lined with 
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embryonic ectoderm, and the lower, the yolk sac , lined with endo- 
derm (Fig. 121). 

Both ectoderm and endoderm are still in contact at the region of 
the primitive streak , from which critical junction the mesoderm, 
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Fig. 119 —A series of cross section diagrams of the mesoderm in the chick. 

(After Parker and Haswell.) 

particularly that of the embryo itself, arises later, much as in all 
other forms. 
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VII. IMMIGRATION OF THE MESENCHYME 


Early in 1 ho development of l he mesoderm cells of a new sort 
willi more irregular outline, collectively known as the mesenchyme 

(Tig. 120), different i- 
ale from the outside of 
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splanchnic mesoderm. 
Thus, in a sense, I he 
mesenchyme is the 
child of I he mesoderm 
and I he grandchild of 
the ectoderm and en- 
doderm. 
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Fig, 123. -■-Showing the origin of the primitive coelome, the mesoblast, and 
the ravit y of the amnion, during the development of the human ovuin. (From 
Keith, after T. II. Bryce.) 


of many cell generations, give rise to a considerable part of the 
body, including the skeletal and circulatory tissues. 
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VIII. The Fate of the Germ Layers 


Cut edge of- 
am n ion 


With gastrulalion and differentiation of the primitive germ layers 
there begins to be an increase in the size of the embryo, or growth 
(Fig. 122), accompanied by diversification and establishment of the 
organs and systems that constitute the mechanism of the adult 
animal. It is the task of Organology , or Descriptive Embryology , to 
follow out the changes that 
take place. (Mrviously within 
the coniines of a brief in¬ 
troductory chapter it is 
necessary to a\oid many 
alluring side alleys that en¬ 
tice one from the main 
highway, and lobe content 
with a Heeling glance at a 
few sample episodes which 
occur in the continuously 
repeated marvel of the de¬ 
velopment and ditferentia- 
tion of a fertilized egg into 
an adult individual. 



Yolk sac 


> Primitive 
y ' segments 


Neural folds 

" V 
V 


1. FORMATION OF THE 
NERVOUS SYSTEM 

One of the earliest sys¬ 
tems to appear is the nervous 
system. Along the dorsal 
side of the ectoderm the 
cells begin to multiply at a 
greater rate than in the sur¬ 
rounding region, thus form¬ 
ing a thickened band, the 
neural plate. Increased mitotic activity in these cells soon re¬ 
sults in the formation of a groove along the middle of the neural 
plate as the cells push down towards the underlying segmenta¬ 
tion cavity which is undergoing obliteration by the encroach¬ 
ment of the expanding endoderm. This furrow of ectodermal cells, 
the medullary groove (Fig. 122), is the forerunner of the central 
nervous system. Eventually the medullary groove with its cellular 


Neurenfenc 
canal 

Fjo. 122.—Dorsal view of human embryo 
of 2.11 mm. (Etcrnod), showing tho neural 
folds still upon. (After Art‘>.) 
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walls is completely buried within the embryo. Its edges come to¬ 
gether forming the hollow tube of the nerve cord, when it is pinched 
off entirely from the outside ectoderm (Fig. 4). This process of 
rapid inpushing growth, called invagination , which results in a 
hollow structure, is a good illustration of the far-reaching principle 
of unequal growth in the process of differentiation. In fact 44 unequal 
growth,” that is, unequal in quantity or rate, lies at the very foun¬ 
dation of many processes of morphogenesis, constituting much of 
the subject matter of embryology. 

2. ORIGIN OF THE NOTOCHORD 

About the lame when the coelomic cavity is forming by the split¬ 
ting of the mesoderm into two layers, a longitudinal group of cells, 
at least in amphioxus (Fig. 118, C, D), is pinched off from the 
endodcrm and devoted to the formation of the notochord. In other 
vertebrates t lie notochord is derived directly from the formative 
cells in the region of the blastoporic lip (Fig. 116, A). Around the 
notochord as a core, surrounding mesenchyme cells lay the founda¬ 
tions of the vertebral column. 

After the notochord is isolated from the dorsal endodermal 
wall, the tissue of a secondary endoderm , or endoderm proper, re¬ 
mains, which is destined to form the major part of the lining of the 
digestive tube in the adult. 

3. ASSEMBLING OF THE DIGESTIVE TUBE 

While the ectoderm and mesoderm are assuming their respective 
roles in the developing embryo, the endoderm, or the lining of the 
archenteron, not only gives rise to the notochord but also lays the 
foundation for the future digestive system, as just mentioned. 

In those animals whose eggs are heavily laden with yolk, the 
yolk sac is formed by the encroachment of the embryonic tissues 
which eventually grow entirely around and enclose the yolk as in a 
bag (Fig. 123). 

The nutritive material in this sac thus has direct access by means 
of the yolk stalk , and vitelline blood vessels spreading over the walls 
of the sac, to the endodermal cells lining the archenteron. In this 
primitive digestive cavity the yolk material is utilized by the 
rapidly differentiating embryo. 

As the content of the yolk sac diminishes and the need for an 
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arrangement whereby nutriment may be taken into the growing 
organism from the outside world becomes imminent, a digestive 
tube , with an inlet at one end and an outlet at the other, is formed. 


The larger part of this food 
tube is made up of the section 
of the arehenleron lined with 
secondary endoderm already 
in use, supplemented at either 
end by ectodermal invagina¬ 
tions that join the original 
endodermal arehenleron and 
finally break through, thus 
forming a continuous canal 
through the body of the em¬ 
bryo. The inpushing of the 
ectoderm at the anterior end, 
which marks the region of the 
future mouth, is called the 



Fi<;. 123.—Three stages in the proc¬ 
ess of enveloping the yolk by embryonic 
blood \assets. (After von Lenhossek.) 


slomodueum, while the corresponding invagination at the posterior 


end, that forms the anal exit of the 
produdaeurn (Fig. 121). Thus it conies 



bod tube, is called the 
about that food passing 
through the alimentary 
tract first rubs against 
walls of ectodermal ori¬ 
gin, then follows along 
the major distance in 
contact with endodermal 
walls where much of it is 
absorbed, and finally the 
residue passes out past 
ectodermal walls. 


Fig. 124.— Sagittal section through u toad 
embryo, ec, ectoderm, g, gut; mes. v meso¬ 
derm; n, notochord, m\ nerve cord; no, neu- 
renterio canal; p, proclodaeum; s, stomodoeum; 
y, yolk. The endoderm is stippled. (After 
Goette.) 


At special points on 
the route certain endo¬ 
dermal cells undergo par¬ 
ticular differentiation in 
order to form organs to 


care for the enormous and diversified traffic that is destined to 


take place along this important highway. In this manner such 
vertebrate organs arise as the liver, lungs, digestive glands of vari¬ 
ous sorts, the swim bladder in fishes, and the crop and gizzard in 
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birds, with lastly caeca) appendages and oilier derivatives of the 
digestive lube. 


4. TUB MAJOR CAVITIES 


M 


With the passing of the segmentation cavity by the intrusion of 
the mesoderm and mesenchyme and the incorporation of the ar- 
chenteron into the digestive tract, the original eoelomic cavity, 
among mammals at least, becomes divided into three different sorts 
of spaces, namely, the pericardial and pleural cavities and the 
peritoneal cavity, serving to house different organs. 

As the first step the eoelomic cavity becomes divided by a double 
transverse mesodermal wall, the transverse septum , into an anterior 

and a posterior chamber. The former space 
develops into the pericardial rarity contain¬ 
ing the heart, and the latter into the peri¬ 
toneal rarity , or the body cavity proper, in 
which various organs come to lie. 

In mammals mesenchyme intrudes between 
the two walls of the. transverse septum, help¬ 
ing to form the muscular diaphragm that aids 
mechanically in lhe process of respiration. 
The transverse septum of some fishes does 
not entirely separate the pericardial from the 
peritoneal cavity, so that communication 
between the two persists throughout life in 
the form of the so-called pericardio-peritoneal canal. 

Second, there arises among mammals, in addition to the peri¬ 
cardial and peritoneal cavities, an additional pair of anteriorly 
placed cavities (hat come to lie on either side of the pericardium. 
They are the pleural rarities which contain the lungs. The double 
median wall formed by these two pleural sacs as they press against 
each other, is called the mediastinum (Fig. 125). 




F i a . 12r> 
grams of it 
lion of I lie major ca\ - 
ilies. c. corlomic cav¬ 
ity; p. parirnrdial 
ca \ i I > ; pi, pleural 
ra\ i I v . ( A tier Go- 
genbaur.) 


IX. Organization Centers 

When an egg is fertilized the entering sperm is something added 
to it. from without, starting a series of internal changes that finally 
result in the adult body. Other outside agents, like a pin-prick or 
contact with certain chemicals, may also, in certain cases, start up 
the cleavage of an egg as if it had been fertilized by a sperm. If 
the sequence of internal events is interrupted, or fails to occur in 
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the nick of time, the whole subsequent procedure is upset. What 
is the internal mechanism that regulates this marvelous perform¬ 
ance, once it is initiated? 

It has been discovered that it is possible to transplant a bit of 
one embryo to an unnatural position hi another embryo, and that 
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the transplant carries out its original structural tradition even in 
1 lie unnatural surroundings of its host’s body, f or example, the 
embryonic bud of a tadpole destined normally to grow into a 
leg, when transplanted to the back of another tadpole, will still 
carry out its original design and form a leg, even in so bizarre 
a location. 

If one blastomere of a frog’s egg, when it is in the two-cell stage 
of cleavage, is killed by stabbing the nucleus with a hot needle, 
the other blastomere will carry on and develop a hemi-embryo 
which may eventually restore the missing half embryo and complete 
the pattern of the entire embryo (Fig. 127). 

The ability to perform such a recovery or to develop an organ 
from an extirpated embryonic bud lasts for only a critical brief 
period. Once this time is past, if the sequence of normal events is 
interrupted, the internal mechanism is unable to carry out the 
original structural design. The particular region of a developing 
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organism that possesses this magical power of directing internal 
operations is called an organization center . 

One of I lie earliest organization centers is around the lip of the 
blastopore where the mesoderm is organized. This primary center 
is succeeded by other formative centers, secondary, tertiary, and 
so on, each of which is dependent upon the successful operation 
of preceding centers. The discovery of such formative centers 

by Spemann, Harrison, and others 
through experiments upon developing 
embryos, is a promising beginning 
towards solving the problem of why 
the architectural plan of a particular 
species is carried out successfully in 
the innumerable individuals which 
grow to maturity. 

X. Soma and the Germ-Line 

In the long series of mitoses that 
Fn;. 127. Vj \ per i m cn La I follow the initial fertilized egg, there 
hemi-rmbryos from Irogs eggs. rorllos a (j m( » when the two daughter 

with it, missing imll' partly r o- i^sulliti- irorn some particular 
stored; G, cross section of /!, cell division are no longer identical 
showing two notochords. (Alter | w *ms in their dilferentiation. They 

a,<r may still have the same kind of 

chromosomal equipment as the result of a preceding mitosis, and 
may be indistinguishable in appearance, but, as their future be¬ 
havior shows, they have come to a fundamental parting of the 
ways, for one of the pair is destined to become the ancestor of all 
the myriad cells that differentiate into various tissues and organs 
to form the growing individual (soma), while llie other is fated to 
be the ancestor of all succeeding eggs and sperm (germ-line), and 
so to be charged with the necessary business of reproducing the 
species. 



There are pronounced differences in these two streams of differ¬ 
entiating cells. The soma becomes the conspicuous thing which is 
known as the animal or plant body, and is biologically the guardian 
of the inconspicuous and less commonly known germ-line. The 
soma is mortal, for after a time it inevitably breaks down and dies 
either a natural or a violent death. The cells of the germ-line, on 
the other hand, although they may perish with the dying soma, are 
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Fio. 128.—Diagram to show 
how the 1 coni inuoiiM germ-line 
gives rise to successive somas, 
or individuals. 


potentially immortal , since they form the only biological bridge 
in vertebrate animals across which the spark of life may be borne 
from one generation to anot her. 

It is quite possible to go backward in imagination step by step 
without a break in the life-line of living cells, from any particular 
individual cell of an adult organism to the fertilized egg from which 
it came, and to see how the material 
in thal fertilized egg was in turn a 
part of the unbroken series of cells of 
the germ-line that were housed in 
preceding generations of somas, and 
so on to t tie very remotest ancestral 
source. 

The soma within limits can main¬ 
tain and repair itself. The germ-line 
can not only do that blit it can also 
give rise to new somas (Fig. 128). This is its mission, to repro¬ 
duce new individual organisms, while it is the business of the soma, 
or the individual body, to nourish, protect, transport, and unite 
germ-lines. Otherwise inevitable death ends all. 

XI. The Succession of Oknehations 

The science that deals with the germ-line is Genetics. The re¬ 
semblance everywhere so apparent between individuals of succes¬ 
sive generations of a species lias its explanation in the fact that 
both parent and oilspring are somatic expressions of the same 
germ-line. Thai is why “pigs is pigs," and chickens hatch out of 
hen's eggs. The laws of heredity are fundamentally concerned, 
therefore, wit h the behavior of the germ-line and its expression in 
the soma. 

There are various ways to get at the matter. In the past the 
approach to the problems of heredity lias been made usually by 
comparing points of likeness and difference in individuals of suc¬ 
ceeding general ions of a species. This somatic met hod is facilitated 
by the experimental breeding of plants and animals. During the 
last forty years great advance has been made in such breeding by 
resort to the fundamental principles known as “Mendelisrn.” 

Another line of approach is the direct study of the germ-line, 
which has given rise to an increasing army of biological specialists, 
who are concerned with the intimate behavior of hereditary units, 
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or gates, located in chromosomes, particularly those of the germ 
cells. 

To these investigators we are indebted for an expanding body of 
knowledge about spermatogenesis and oogenesis in animals and 
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plants, as well as for the facts and laws which concern germplasmal 
origins. 

\ diagrammatic representation of the relation of embryology 
and genetics is presented in Figure 129. 



CHAPTER IX 


BIOLOGICAL DISCORDS 
(PATHOLOGY) 


I. The Point of View 


One of t lie chief concerns not only of medical practice and 
surgery blit of daily life as well, is the repair of biological machin¬ 
ery that has gone wrong. Although the human machine, unlike 
any man-made dev ice, has the marvelous ability to adjust the inter¬ 
action of its parts and to take care of routine repairs without out¬ 
side aid, there is one obvious difference between the biological and 
the mechanical apparatus. In the case of the human machine 
extra parts to replace those worn or injured, if false leeth and 
wooden legs are excepted, are not procurable. 

Much of the success in medical practice depends upon the re¬ 
storative power inherent in the patient without outside assistance, 
or even in spile of outside interference. 


From time immemorial “medicine men” and quacks, with 
vendors of cure-alls and 7 talent medicines, have thrived upon the 
ignorance, credulity, and fears of their victims, but (here is another 
more reassuring side to the picture. From Hippocrates and /Fscu- 
iapius down there have arisen medicine men of a different stripe 
who have unselfishly sought the truth about the whence and why 
of bodily ills, to the great advantage of mankind. 

The scientific study of the causes underlying biological dis¬ 
harmonies, or disease, is the field of Aetiology , of comparatively 
recent origin. To succeed in such investigations it is necessary to 
know what il is that has gone wrong, and this is the concern of 
Pathology which forms the basis of every system of medicine 
worthy of consideration. 

Pathology, or the study of the abnormal , goes hand in hand with 
Physiology , the science that deals with the normal activities of 
organisms. To understand the abnormal it is indispensable to 
first know the normal. Both physiology and pathology in turn 
depend upon a knowledge of Morphology , or the science of form and 

17 *) 
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structure, since normal as well as abnormal function is referable 
to a structural basis. 

Jl. Deviations from the Normal 

The “normal” is the prevailing type. If house cats with few 
exceptions were of the tailless Manx variety, a cat with a tail 
would appear abnormal, just as the unusual condition of six- 
fingeredness in man is regarded as abnormal simply because most 
people have only live digits on each hand. 

Deviations from the normal frequently turn out to be a hail dicap 
to their possessors. The very fact that normality is only another 
way of saying that success in some particular has been gained by 
a majority of individuals, implies that variations from the standard 
have been less successful. 

Deviations, however, are not always unfortunate. Leflhanded- 
ness, for example, is exceptional but it is not necessarily a handi¬ 
cap. Deviations from the normal that do handicap the possessor 
may take the form of deformities, misplacements, or disturbances, 
external as well as internal, that work ill to the organism. Disease, 
which is the particular province of pathology, may be broadly de¬ 
fined as any departure from the normal standard of structure or 
function of a tissue or organ . 

There are at least three elementary activities of organisms, 
namely, (1 ) formative, that result in the growth and establishment 
of structural parts; (2) metabolic , having to do with the mainte¬ 
nance of the organism; and (3) responsive , w hich concern the inter¬ 
play between the organism and the stimuli affecting it. Under 
normal conditions there is an optimum relation in each of these 
three lines of activity. An injury or disease may upset this opti¬ 
mum balance of health and well-being and cause either a cessation 
of these activities (death), or a quantitative or qualitative modi¬ 
fication of one or all of them. 

III. Disease 

For centuries man’s greatest obstacle to advancement has been 
disease. It has turned back armies and caused the downfall of 
empires. 

In 1792 the battalions of Prussia were halted in their attack 
upon the French revolutionary forces by an epidemic of dysentery. 
Disease decimated Napoleon’s horde of 500,000 soldiers, reducing 



BIOLOGICAL DISCORDS 


181 


their number to 3000 survivors during his march on Moscow. It 
was disease that reduced the crusaders from 300,000 to 20,000 in 
three years around 1100 a.d., while Haiti was lost to France in 
1803 because yellow fever killed all but 3000 of (he 23,000 soldiers 
sent by Napoleon to subdue the natives. 

The construction of (he Panama Canal was prevented until 
American engineers destroyed I he breeding grounds of the mosquito 
that transmits yellow fever. Smallpox killed more Ilian 60,000,000 
people in Europe during the 181 li century and maimed many others. 
In Mexico, where this scourge was introduced by the Spanish, 
3,000,000 Indians succumbed to it, so that the conquest, of Mexico 
by Cortez was due to disease rather than arms. Records show that 
at the time of the World War more Ilian 130,000 soldiers and 
prisoners died of typhus fever during the lirst six months. In 1661, 
bubonic plague claimed 21,000 out of a population of 200,000 in 


Amsterdam alone. 

The spectacular statistics of epidemics are hardly more appal- 
tlian the daily occurrence of preventable deaths and disabilities, 
happening on all sides of us, to which we have become accustomed. 
Future generations should be educated to appreciate the valiant 
attack of pathologists who seek to lessen these disasters and to 
alleviate human suffering and to forestall tlie sacrifice of lives. 



IV. Disturbances that Work 111 

1. INTERNAL DISTURBANCES 

Disturbances (hat work ill to an organism by upsetting the 
optimum balance may be internal or external in their origin, al¬ 
though it is not always easy to determine to which of the two 
categories a particular case belongs. 

Although an outline analysis might, be carried to much greater 
length, only four kinds of probable internal disturbances are here 
mentioned, namely, (1) formative disturbances; (2) mechanical 
interferences; (3) responsive maladjustments; and (1) hereditary 
handicaps. 

(a) Formative Disturbances .—When the complicated activities of 
growth and differentiation, to which attention was called in Chapter 
VIII, are passed in review', one wonders that so few structural 
mistakes or accidents actually occur. 

The successful outcome of all embryonic development depends 
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constantly upon the precise timing and infallible performance of 
each step, because every change and advance is conditioned upon 
what precedes and surrounds it. In the orchestra of developing 
parts a group of cells or an organ that is out of rhythm, like a 
blundering kettle-drummer, may throw all the other performers 
into confusion and change a symphony into discord. 

The malformations and disharmonies which result from dis¬ 
harmony in growth and differentiation are termed ferula, and the 
somber science concerned with such morphological misfits is called 
Teratology. 

Terala may involve the entire individual, as in the case of 
“Siamese twins” of various kinds, or affect only parts of individuals 
or organs, as in such deformities as club foot, cleft palate, or hunch¬ 
back. Other abnormalities may be simply groups of cells, like 
tumors , that have somehow lost step with the advancing host of 
correlating parts, and so fallen into disharmony. Tumors of this 
nature are uncoordinated members of the cellular stale, and are 
termed ijcrugn or malign , according to the degree and manner in 
which they encroach upon or injure surrounding tissues. Malign 
tumors, like “cancers,” constitute one of the most disastrous dis¬ 
harmonies to which mankind is subject. Much study and exhaus¬ 
tive research is being directed towards the understanding and 
control of these troublesome formative disturbances. 

Ibider the heading of formative disturbances there should also 
be included modifications in growth, which arc* evidently associated 
with something wrong in Ihe behavior of certain regulatory en¬ 
docrine glands, as for example, dwarfism and giantism. 

(b) Mechanical fnierferenees. —Obstructional disturbances in the 
nutritional mechanism or the excretory apparatus may also work 
ill to an organism. The circulatory system, for example, through 
which the individual needs of the cellular structures are sup¬ 
plied, may suffer from local obstructions, blood deficiency, or 
interference with nerve supply. When for any considerable time 
a part of the body is deprived of blood by hemorrhage, or by such 
local obstructions as may result from congestion, pressure, wounds, 
or blood clots, a nutritive unbalance results. If the siege is not 
raised eventually, local starvation and death of the isolated tissues 
is the outcome, or, following exposure to ubiquitous putrefactive 
organisms, gangrene may set in with serious consequences to the 
neighboring living tissues. If there is protection from such foreign 
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invasion, and the dead tissues are not too extensive, they finally 
become absorbed or are slouched oil*, and normal conditions are 
restored. 

Interruptions of the stimulative service from the nerve supply, 
by paralysis, shock, or any other interference, are also the im¬ 
mediate cause of a myriad of nutritional woes. 

(c) Res pons ire Maladjustments — By responsive maladjustments 
are meant such functional disturbances as follow in I he wake of 
internal disharmonies of one kind or another that interfere with 
physical performance. The response to overwork, for example, 
may cause an increase in the number of the component cells in 
an organ and result in hypertrophy, or excessive growth. If (his 
response is called forth to meet a normal physiological emergency, 
as in the hypertrophy of the mammary glands during lactation, 
or of the uterus in pregnancy, then il is normal and lies outside 
the Held of pathology, but if it works ill to its possessor, like 
hypertrophy of the heart valves or Ihe walls of the so-called 
“athlete's heart/’ then il becomes pathological. 

Atrophy . either degeneration or arrest of growth, is an instance 
of nutritive disturbance that causes irregularity in the responsive 
activities, il usually follows a cessation of function, as when the 
optic nerve atrophies after (he loss of an eye, or when a paralyzed 
leg or arm wastes away. 

(d) Hereditary Handicaps. —-IVvialions from Ihe normal that 
lead to disease may be of t wo kinds. First, they may be acquired 
in a great variety of ways during the lifetime of the individual; 
or second, they may be germinal , that is, inherited from ancestral 
streams of germplasin. Blindness, for example, may be acquired 
by accident any time before or after birth, or it may be germinal, 
as in the ease of certain types of “congenital” cataract that “run 
in the family” and are inborn. 

In the miscellaneous collection of germinal heirlooms that con¬ 
stitute our heritage there are bound to be some things that we 
wish we did not have. Every person in this imperfect world has 
at least one such hereditary “skeleton in the closet.” Frequently 
the skeleton cannot be suppressed and kept concealed in a closet, 
but must be painfully carried about in plain sight, like the burden 
on the back of Bunyan’s immortal pilgrim. 

Diseases as such, particularly bacterial diseases, do not cross 
over the tenuous bridge of germ cells that connects one generation 
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biologically with another. Constitutions and tendencies , however, 
that insure the eventual sequence of disease, are a part of the 
hereditary equipment of everyone. 

The philosophy of the comparative anatomist and the patholo¬ 
gist consists in recognizing the fact that the most successful life 
does not depend upon anatomical and physiological perfection, 
but in making the best of imperfections. 


2. liXTHUNAL, DISTUIIDAISCKS 

Many of the causes of disturbance that put the “pathos” into 
pathology have their origin outside of the individual in the form 
of various environmental factors, of which those described as 
(1) thermal; (2) chemical; (II) barometric; (1) mechanical; and 
(5) biological, an* representative. 

((/) Thermal Factors.- -Extreme variations from the normal 
limits of temperature to which an organism has become adapted 
may result in thermal disturbances that work ill. Here belong the 
disastrous effects of scalds, burns, and sunstrokes at one extreme, 
and frostbite and freezing at the other. The harm done in these 
disturbances may take the form of nervous shock, hemorrhage, 
or necrosis of the part involved, with subsequent invasion and 
infection by destructive bacteria. 

(b) Chemical Factors. — Injurious chemical contacts, as in the 
case of ptomaines and various poisons introduced into the digestive 
tube and the blood, cause a variety of troubles. Painters and lead- 
workers frequently suffer from lead poisoning. The consequences of 
handling phosphorus or other deleterious chemical substances are 
also particularly unfortunate for those who are continually engaged 
in their use. 

(c) Barometric Factors. Deep-sea divers, mountain climbers, 
and aviators, who depart from the barometric environment to 
which they are normally attuned, harvest a crop of pathological 
protests as a result. Men in deep mines, or those engaged in tunnel 
construction who are forced to work for hours under abnormal 
atmospheric pressure, may acquire “caisson disease,” which mani¬ 
fests itself in paralysis of the legs, profuse bleeding from the nose, 
ears, and mouth, or even in apoplexy. 

(d) Mechanical Factors. —Outside mechanical agencies may bring 
about sudden injuries of varying degrees of seriousness from mere 
scratches to extensive wounds that include the destruction of so 
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much of the body as to imperil life itself. The power to repair 
such damage varies greatly in young and old. Comparatively 
undifferentiated tissues exhibit greater recuperative power than 
those that have attained considerable differentiation. The response 
of the body in repairing wounds, involving as it does the behavior 
of the cellular units concerned, 
is of particular interest to the 
pathologist. 

Somet imes mechanical factors 
instead of resulting in sudden 
wounds, may take the form of 
irritants that work more slowly 
and insidiously. Cancer of the 
lip, for instance, is said to be 
more frequent in the case of 
pipe-smokers, who have sub¬ 
jected themselves for a consider¬ 
able time to local mechanical 
irritation of a pipestem, than 
among non-smokers. 

Many occupations that in¬ 
volve inhaling irritating dust 
particles, like handling coal, 
threshing grain, cutting stone, 
and polishing metals with abra¬ 
sives, induce manifestation of 



Fkj 150. Tin* “ wound man/* 
(From a wont leu I, 1517.) 


diseases as a consequence of mechanical irritants acting upon the 
respiratory surfaces. 


A reproduction of the famous “wound man,’ 1 which appeared in 
many ancient medical books, is shown in Figure 150, picturing 
some of the mechanical disasters to which a human being of the 
times was exposed. 

(e) Biological Factors .—There are three general kinds of para¬ 
sites that may attack other organisms and upset their normal 
course of living. They are (1) pathogenic bacteria; (2) pathogenic 
protozoans; and (3) a heterogeneous group of larger parasites, 
including certain worms, insects, fungi, and other harassing forms 
that prey upon their betters. 

Pathogenic bacteria are microscopic plants that cause such dis¬ 
eases as tuberculosis, cholera, tetanus, anthrax, and typhoid fever. 
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The harm I hay do is usually the result of toxins , or poisons, which 
they sel free in (he tissues of their hosts during the course of I heir 
own metabolic processes, or when they die. They may, however, 
by sheer force of numbers resulting from their prodigious powers 
of multiplication, cither plug up the capillaries in. which they 
swarm so that the circulation of blood is impeded or prevented, as 
in anthrax, or they may induce the formation of a bulky mass 
that ads as a strangling gag upon their victim, as in diphtheria, 
or “membranous croup," as it was formerly called. 

Beginning with Pasteur and Lister within the memory of people 
now living, the science of liactrriology , which has to do with these 
minute foes of mankind, has so increased in importance and achieve¬ 
ment that it has become indispensable in all modern medicine 
and surgery. Without doubt the future will see still greater 
triumphs and conquests in this fertile field of human endeavor. 

The science of Protozoology, with its wide application to the 
control of diseases induced by pathogenic one-celled animals, lias 
lagged somewhat behind the twin science of bacteriology, partly 
because the technic inxolved in obtaining pure cultures of or¬ 
ganisms for accurate experimentation is more dillicull. Neverthe¬ 
less much lias been learned already and greater discoveries and 
successes in thislield surely await the investigator just around the 
corner. 

Many diseases are connected with protozoan parasites which 
infest the blood of their hosts, particularly in the tropics, such as 
malaria, and African sleeping sickness, while the troubles following 
in the train of amoebic dysentery are an example of the conse¬ 
quences caused by protozoan highwaymen that infest the diges¬ 


tive tract. 

Parasitology in general, out of which the nourishing young 
sciences of bacteriology and pathogenic protozoology have sprung, 
is now usually associated with larger parasites, like tapeworms, 
llukes, hookworms, and other worms, that take up their domicile 
in the bodies of t heir hosts, or such external visitors as licks, lice 
and fleas, which Mark Twain said keep a dog from “ thinking about 
being a dog/’ 


V. Sources of Pathological Knowledge 

A knowledge of the facts of pathology, that is daily contributing 
so much to the alleviation of abnormal conditions, is gained prin- 
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cipally through clinics, autopsies, physiological and micropatho- 
logical research, comparative pathology, and animal experimenta¬ 
tion. 

Clinics include bedside experiences gained by actual observation 
of the abnormal conditions exhibited by the patient. 

Autopsies are post-mortem examinations in order to find out 
what lias gone wrong with the machinery of biological clocks that 
have stopped. 

Micropulhological research is directed towards an intimate under¬ 
standing of the behavior and appearance of cellular units under 
abnormal conditions. It includes not only Pathological Histology , 
but also Bacteriology and Pathological Protozoology. 

Comparative Pathology , also with human pathology as an ob¬ 
jective, gains added facts by the indirect method of approach 
through other members of the animal kingdom. Man is too com¬ 
plex a mechanism to be understood at once without some prelim¬ 
inary acquaintance with simpler mechanisms of animal life. More¬ 
over, pathology in general is much more than the science of human 
ills. If is a field of study fertile enough to promise rewards to the 
student, of pure science whose eyes are not necessarily fixed upon 
immediate utility to man. 

Animat experimentation has made possible not only a knowledge 
of the facts and principles of pathology, but has also cleared the 
way for the diagnosis and control of the pathological disharmonies 
that beset mankind. Without recourse to animal experimentation 
the triumphs of modern medicine could never have come about. 

It is unfortunate that the word “vivisection'* in this connection 
has become such a bogey, for it has caused many people to remain 
uninformed or misinformed about a very important matter. The 
truth is well stated by Dr. W. W'. Keen in a pamphlet entitled, 
What Vivisection Has Done for Humanity published in 1910, the 
concluding paragraphs of which are here quoted: 

“The alleged atrocities so vividly described in anti vivisect ion 
literature are fine instances of fc yellow journalism,’ and the quota¬ 
tions from medical men are often misleading. Thus, Sir Frederick 
Treves, the eminent English surgeon, is quoted as an opponent 
of vivisection in general. In spite of a denial published seven years 
ago the quotation still does frequent duty. I know personally and 
intimately Horsley, Ferrier, Carrel, Flexner, Crile, Cushing, and 
others, and I do not know r men who are kinder or more lovable. 
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That they would be guilty of deliberate cruelty I would no more 
believe than that my own brother would have been. 

“Moreover, 1 have seen their experiments, and can vouch 
personally for the fact that they give to these animals exactly the 
same care that 1 do to a human being. Were it. otherwise their 
experiments would fail and utterly discredit them. Whenever an 
operation would be painful, an anesthetic is always given. This 
is dictated not only by humanity, but by two other valid considera¬ 
tions: first, long and delicate operations cannot bo done properly 
on a struggling, fighting animal any more than they could be 
done on a struggling, fighting human being, and so again their 
experiments would be failures; and second, should any one try an 
experiment without giving ether he would soon discover that dogs 
have teeth and cats have claws. 


“Moreover, it will surprise many of my readers to learn that of 
the total number of experiments done in one year in Knglaud 
97 percent were hypodermic injections and only 3 percent could 
be called painful! 

“If anyone will read the report of (lie recent British Royal 
Commission on Vivisection he would lind, says Lord Cromer, 
‘ that there was not a single case of extreme and unnecessary cruelty 
brought forward by the Anti vivisection Society which did not 
hopelessly break down under cross examination.’ 

“In view of what i have written above—and many times as 
much could be added- is it any wonder that J believe it to be a 
common-sense, a scientific, a moral, and a Christian duty to 
promote experimental research? To hinder it, and, still more to 
stop it would be a crime against the human race itself, and also 
against animals, which have benefited almost as much as man from 
these experiments. 

“What do our antivivisection friends propose as a substitute? 
Nothing except clinical - that is, bedside—and post-mortem ob¬ 
servations. These have been in use for two thousand years and 
have not given us results to be compared for a moment with the 
results gained by experimental research in the last fifty, or even 
the last twenty-five years. 

“Finally, compare what the friends and foes of research have 
done within my own professional lifetime. The friends of research 
have given us antiseptic surgery and its wonderful results in 
every region and organ of the body; have abolished, or nearly abol- 
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ished, lockjaw, blood poisoning, erysipelas, hydrophobia, yellow 
fever; have taught us how to make maternity almost absolutely 
safe; how to reduce the mortality of diphtheria and cerebrospinal 
meningitis to one-fourth and one-third of their former death-rate, 
and have saved thousands of the lower animals from their own 
special diseases. 

“What have the foes of research done for humanity? Held 
meetings, called the friends of research many hard names and 
spread many false and misleading statements. JNot one disease 
has been abolished, not one has had its mortality lessened, not a 
single human life has been saved by anything they have done. 
On the contrary, had they had their way, puerperal fever and 
other hideous diseases named above, and many others, would 
still be stalking through the world, slaying young and old, right 
and left—and the antivivisectionists would rightly be charged with 
this cruel result.” 


VI. The Control of Disease 

In earlier days of human ignorance, disease was regarded as 
due to the presence of evil spirits, and cures were supposed to be 
effected when these malign visitors were properly exorcised by 
some conjurer or medicine man. Although the conjurer in various 
guises still trades upon superstition and ignorance, the modern 
controller of disease lias come to recognize that all methods of 
healing, almost without exception, resolve themselves simply into 
extensions of the natural phenomena of growth and repair that are 
inherent in the patient. For example, it has been found that by 
injecting dead cultures of the causal agents into subjects infected 
by a pathogenic organism, there is produced in the body fluids a 
substance ( opsonin ) which apparently in favorable conditions 
unites with the living causal pathogenic bacteria and so sensi¬ 
tizes them that they are readily taken up and destroyed by the 
phagocytic cells of the blood. The aillicted body, therefore, cures 
itself whenever a cure is effected, and frequently nearly all that the 
modern medicine man can do is to direct intelligently the efforts of 
the body in its task of restoring normal conditions. 

Three general directions are followed in modern attempts to con¬ 
trol disease, namely, by curative, preventive, and creative medicine. 

Curative medicine , finding itself in a world of disease and disaster, 
sets out to heal the sick and bind up the wounds of the injured. 
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Jt has assumed a colossal task and, like the Good Samaritan that it 
is, has gone about the business with noble devotion and increasing 
success. 

Preventive medicine, on the oilier hand, seeks to forestall trouble. 
Diseases like smallpox are prevented by vaccination, while by 
means of antitoxins the poison of invading germs, like that in 
diphtheria, is counterbalanced and rendered innocuous. Protective 
immunity against disease is thus accomplished through the use of 
vaccines, antitoxins, opsonins, endocrine extracts, and other re¬ 
sources of the bacteriologist and physiological chemist. 

Creative medicine, which at present is hardly more than a dream 
for the future, lakes a long look ahead and attempts to prevent 
the abnormal with all its disastrous chain of consequences, by 
seeing to it that, so far as possible, only the normal are born into 
the world. This is the hopeful held of Eugenics, which seeks to 
lessen and prevent disease by providing an hereditary equipment 
that is able to maintain itself triumphantly harmonious in the 
face of besetting discords. 

All of these lines of possible betterment must advance through 
the frontier of pathology, hence the importance of t his field of 
biology. 



PART TWO 


THE MECHANISM OF METABOLISM AND 

REPRODUCTION 




CHAPTER X 


A JACK OF ALL TRADES 
(THE INTEGUMENT) 

J. In General 

In maxing a study of the structures of the body it. is fitting to 
begin with the integument because, like the wrappings around a 
parcel, it is the first part to be encountered in the examination of 
any animal. Jt is, however, much more than a mere wrapping 
encasing organs within, for it is itself an “organ," just as definitely 
as the liver, brain, or heart are organs. 

The vertebrate integument consists of the skin and its deriva¬ 
tives. Exposed on its outer surface to the hazards of a varying 
external environment, on its inner face it abuts intimately upon a 
closed universe of organs bathed and permeated by blood and 
lymph. While acting as a protective barrier, the integument not 

only completely envelops the entire outside of the body, includ- 

* 

ing even the surface of the eyeballs, but, it also passes over con¬ 
tinuously at the nose, mouth, anus, urinary and genital openings 
into a related enveloping tissue, the mucous membrane, which 
lines the internal passage-ways. Thus all the organs of the body, 
except the integument on the outside and the mucous membrane 
on the inside, are completely shut off as if in a closed sac from the 
outside world with no direct opening into it. Paradoxical as it 
sounds, food within the digestive canal is still on the outside of 
the body proper. 

The integument may be described as a compound organ. 
Morphologically it is compound because it is structurally double, 
being made up in all vertebrates of epidermis and corium. Em- 
bryonically its compound character is indicated by its derivation 
from two separate germ layers, namely, the ectoderm, from which 
the epidermis arises, and the somatic mesoderm, from which comes 
the corium (Fig. 120). 

Finally, physiologically the integument is also a very versatile 
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organ, since il performs so wide a 
be (piile appropriately termed a 

II. I Inks of tub 


ran go of functions that it may 
Jack of all trades 

Intisoument 


Among lho various uses lor wJiidi in different animals the 
structure of I lie integument is adapted, are the following: (1) pro¬ 
tection; (2) reserve food storage: (3) heal regulation; (!) sensation; 
(5) excretion; ((>) secretion; (7) respiration; (8) locomotion; (9; sex¬ 
ual selection; and (10) reproduction. 


I. PHOTKCTION 


The skin is inevitably a protective organ. Four aspects of its 
protective fund ion may be mentioned. First, il shields the ani¬ 
mal body against mechanical injuries that may result from pres¬ 
sure, friction, or blows of various sorts. Like any other wrapper, 
the primary function of which is to protect the enclosed parts, 
the vertebrate integument is admirably adapted for this purpose, 
since typically it is closely woven in texture, resistant, and at the 
same lime so pliable that il tends to “give" under mechanical 
stress rather than to rupture or break away. Although the individ¬ 
ual cells that compose, it are soft and dedicate, for example in the 
skin stretched over the knuckles, they are not crushed by a hard 
blow r against a solid object. 

In addition to the enveloping skin itself, most animals are 
equipped with protective integumentary modifications, such as 
scales, bony plates, leathers, hair. or.cushions of fat, which aid 
in minimizing the effects of blows or injurious contact of any kind. 

Invertebrates, like crustaceans and nmllusks, are conspicuously 
fortified by exoskeletons against an unfriendly world, while turtles, 
armadillos, alligators, and porcupines are noteworthy instances 
among vertebrates of animals that go forth, like armored knights 
of old, well clad to resist the blows and harassment^ of their ad¬ 
versaries. 


Second, the integument protects the body against foreign sub¬ 
stances. Whenever skin infection from any outside source occurs, 
it is usually through some break, however slight, in the enveloping 
integument. Since the skin is practically gerrnproof so long as it 
remains whole the internal realm of the body is protected from 
invasion by foreign immigrants. 

Cleaning the skin of whatever undesirable substances may 
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stick to it, is usually accelerated in the case of civilized man by 
the application of soap and water. However, in the absence of 
these aids the human skin automatically cleans itself by surface 
renewal. Among the unsoaped relatives of man the same result 
is accomplished in a variety of ways. The production of mucus 
over the skin of certain slippery fishes and amphibians, for ex¬ 
ample, makes a constantly renewable jacket of slime, which in 
sloughing off carries foreign accretions with it. In various other 
ways also the outermost dead layers of the skin, with such epi¬ 
dermal structures as hair and feathers, are, like soiled (Jollies, 
periodically cast off. When a snake “sheds its skin,” although only 
the outermost part of the epidermis is involved, it emerges from 
the gauzy corneal envelope, which may have become besmirched, 
bodily clean. 

Third, the skin protects the body tissues from excessive loss of 
moisture . This is a very important function, since in living tissues 
water plays a major role. The protoplasm in every cell must 
maintain a certain degree of fluidity, otherwise it dies. The en¬ 
closed universe of the body tissues contains a considerable per¬ 
centage of fluids. These tissues cannot successfully be subjected 
to unrestrained evaporation and still carry on the life processes. 
These precious underground waters of the body are conserved 

very largely by means of the water-proof blanket of the integu- 

«* 

rnent. Its impervious character serves not only to retain the 
moisture within but also to keep out an unregulated amount of 
water in the ease of submerged animals, such as fishes, whose 
more delicate underlying tissues would become water-soaked with¬ 
out such protection. Both terrestrial and aquatic organisms are 
equally dependent upon water. Moreover, water is the basis for 
all internal transport of materials, as well as being the great chem¬ 
ical solvent of the substances to be transported. It is also the 
indispensable agency by means of osmosis for transferring food 
substances and liquid wastes in and out of the closed body. 

Fourth, the skin or integument acts as an organ of protec¬ 
tion in all those animals exhibiting protective coloration , whereby 
some degree of invisibility, and consequent escape from enemies, 
is secured by close resemblance to the surroundings. Similarly, 
so-called warning colors , like the conspicuous black and white 
markings of the skunk, which serve as “hands-off” signals for its 
possessor, are integumental modifications, protective in function. 
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Thus “it pays lo advertise,” and it is the integument that pro¬ 
vides the most available billboards. 

It is obvious too that the poisonous skin glands of toads, the 
eluding slipperiness of certain water animals, and the embarrassing 
armor and spines of several well-known vertebrates, are all integu- 
mental protective devices against the attack of enemies. 

2. RESERVE STORAGE OF FOOD 

In the deeper subcutaneous layers of the skin reserve food in the 
form of fat is stored to be drawn upon, like a savings bank account, 
in times of need. The fat stored temporarily in the liver and in 
the muscles is for immediate daily use, whereas what is laid down 
in the subcutaneous part of the skin may be retained for weeks 
and months. 

The manner of the irregular distribution of fat in cushions and 
pads, forms the basis of those contours in “the outward form and 
feature” that have pleased the eye of the artist from time im¬ 
memorial, while providing an anatomical reason for the familiar 
phrase, “beauty is only skin deep.” 

In man stored subdermal fat- may constitute as much as twenty 
per cent of the entire weight of the body. In whales and seals it 
forms an extensive blanket of considerable thickness, called blub¬ 
ber , that not only serves as food storage, but also acts as a non¬ 
conducting retainer of body heat. 

The characteristic sexual differences in human body form and 
contour are largely dependent upon the distribution and manner 
of the dermal fat upholstery. 

3. REGULATION OF IIEAT 

Ileat is being constantly generated by the oxidation of tissues 
within the animal body. Coming more abundantly from soft 
parts like muscles than from hard parts like skeletal organs, it is 
distributed and equalized by the flowing blood which permeates 
nearly every part of the body, so that in “warm-blooded” animals 
a practically constant temperature is maintained. From such an 
animal heat is lost in three ways: (1) with the expired warm breath; 
(2) with the expelled excreta; and (3) from the skin. 

Every breath of warmed air carries away a certain amount of 
body heat, for cold air that is drawn into the lungs is warmed at 
the expense of the body before it is expired. 
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The excreta, both urine and feces, are kept at body temperature 
until expulsion, when a loss of heat occurs. Probably nine-tenths 
of the heat loss of a warm-blooded animal like a mammal, however, 
is through the skin. Regulation of bodily heal, consequently is 
very largely an integurnental function. 

The skin effects the regulation of the loss of heat in two ways, 
one physiological and tlie other physical. Physiological regulation 
is brought about by the expansion or relaxation and contraction 
of the skin and the walls of the capillaries contained therein. 
When exposed to cold air the skin tends to contract, sometimes to 
the point of forming “goose flesh,” with the result that the cap¬ 
illaries carrying the warm blood are contracted to a smaller size 
and buried somewhat from the surface. The amount and degree 
of cold to which the circulating blood is exposed is thus dimin¬ 
ished, and there is a lessened loss of heat. In warm air the skin 
relaxes, affording the capillaries, now more exposed and whose 
walls are more expanded, a greater opportunity for the loss of 
heat. 

Physical regulation is accomplished by the evaporation of sweat 
which is constantly being excreted from the mammalian skin, 
even though it does not always appear in visible drops. Ileat is 
universally required for the physical process of changing a liquid 
into a gas. During the evaporation of sweat the necessary heat is 
abstracted from the body through the skin and is thus eliminated. 

Loss of heal from the body is further controlled by the fact that 
parts of the integument, like the blubber of a whale, serve as a 
non-conducting blanket to hold in the generated heat, making life 
endurable even in icy waters. “Cold-blooded” animals do not 
specialize in dermal fat. 

A film of oil produced by the sebaceous glands in the mamma¬ 
lian integument, serves the same heat-retaining function. When 
Gertrude Ederle swam the English Channel, she was generously 
greased all over in order to meet the unusual thermal conditions 
of that famous adventure. 

In birds the dissipation of bodily heat is regulated through a 
covering of adjustable feathers by means of which a blanket of 
warmed air is retained next to the skin. The thickness of this 
blanket of warm air can be adjusted with meticulous nicety and 
almost instantaneously by fluffing the feathers. Thus, an English 
sparrow on a hot summer's day is streamlined with its feathers 
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hu^od tight down close to the body, but in cold weather it as¬ 
sumes adequate underwear by Hulling out its feathers and so sur¬ 
rounding i l self with a more generous layer of body-insulating air. 

The same result is accomplished more awkwardly in the case of 
civilized man by means of clothing, which in reality is nothing 
more than extra layers of non-conducting artificial integument 
added to that which nature has provided. Skin and clothes in 
themselves arc not warm. They are simply devices for retaining 
heat generated within. Even the (inesl sealskin cloak thrown 
over the marble shoulders of lie* famous statue of the \ onus de 
Medici would not warm up that attractive work of art, whatever 
may have been lie* probable temperature of the original Venus. 


1. SENSATION 

The most universal of all I he senses, lie*, great confirmatory 
sense of touch , has its receptors located in the skin. The allied 
senses of pressure, temperature, and pain an* also referable for 
the most part to integumentary nerve endings, liven the chemical 
senses of taste and smell, which occupy the neighboring mucous 
membranes of the nose and mouth cavity of higher forms, arc still 
found on the outside of the body in the skin of tlie lower aquatic 
vertebrates. 


5. EXCRETION 

Among mammals the sweat glands supplement the kidneys in 
removing waste products from the blood. The mammalian skin 
has been referred to quite appropriately as an “unrolled kidney,” 
since each sweat gland in the skin, with its accompanying capil¬ 
lary, is a complete kidney apparatus in miniature. Whenever the 
activity of the sweat glands is accelerated by exercise, heat, or 
diuretic and diaphoretic drugs, such as aspirin, calfrin, or piloear- 
pin, then* is less work for the kidneys to do. 

The constant shedding of corneal material from the surface of 
the vertebrate skin also may be regarded as a kind of excretion 
from the integument. 


6. SECRETION 

Tlie most, notable example of the integument functioning as an 
organ of secretion is found in mammals w hose mammary glands, 
which are a very specialized form of the integument, develop as an 
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indispensable part of the reproductive apparatus of these verte¬ 
brates. 

There are also present in the mammalian skin, associated with 
hairs, a great number of sebaceous glands which secrete an oily 
substance that tends to spread over the skin, rendering it supple 
and more or less resistant to soaking by water and to loss of heat. 

Other instances of the integument functioning as an organ of 
secretion could be cited, particularly among invertebrates, as, for 
example, the “crust ” of the crustaceans, which is a product of 
the hypodermic s, or invertebrate skin. 


7. RESPIRATION 

The, moist skin of the amphibians accomplishes to a remarkable 
degree the exchange of gases which constitutes the process of 
respiration. Cutaneous artrric. s, for example, supplying the skin of 
a frog, are larger than the pulmonary arteries that go to the lungs, 
liven in man the skin supplements (In* work of the lungs. 

The gills of water-dwelling animals may be regarded morpholog¬ 
ically as extensions of the skin, as are also the tracheae , or breath¬ 
ing lubes of insects. 


a. LOCOMOTION 

« 

The cilia and flagella by means of which microscopic aquatic 
forms move about are derivatives of the outer envelope of these 
skinless animals, while in the divers!lied group of the arthropods, 
which include much over half of all known kinds of animals, loco¬ 
motion is accomplished by lever-like appendages, the actuating 
muscles of which are alInched to the inside of the integumentary 
exoskeleton. The wings of insects are entirely integumentary. 

Among vertebrates the fins of fishes and the wings and tail 
feathers of birds that are essential to locomotion, are also integu¬ 
mentary iii origin. The skin takes a conspicuous part too in the 
wings of bats, and in the 1 Hying mechanism of all parachuting ani¬ 
mals, such as Hying squirrels, flying lemurs, and the “flying 
dragon’’ (Draco) of India, as well as in the wings of the extinct 
pterodactyls, which had a web of skin stretched between I he fourth 
linger and the sides of the body. Web-footed animals like ducks 
and frogs depend upon the skin between the toes to enable them 
to paddle in the water. 
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9. SEXUAL SELECTION 

Among higher animals, particularly birds, there is frequently a 
marked difference in the appearance of the sexes, due usually to 
integumentary modifications in the color or form of the skin. 
Darwin’s theory of “sexual selection*’ was brought forward as a 
possible explanation of these differences. Jirielly, according to 
this theory, a rivalry exists between males for the possession of 
their mates. Those males that make the best showing, that is, 
those performing lho most convincing courtship antics, or pre- 
seniing the most attractive integument before the critical females, 
become the successful suitors and leave descendants which carry 
on their winning features. Although the theory of sexual selection 
as originally presented has been greatly criticized, its validity or 
non-validity does not affect the fact that many conspicuous ex¬ 
ternal distinctions between the sexes do exist and, whatever their 
origin or use may be, are in tegumental in character. 

Odors also of various kinds, arising from glands located in the 
skin, serve as excitants in the sexual behavior of different animals, 
including man. Kahn cites the following example of sexual selec¬ 
tion in man dependent upon integumental odors: “Bei den Inkas 
lieiS der Kbnig zur Brautwahl die Kandidatinnen schwitzen und 
die am lieblichsten duftete, wahlte er sich zur Gattin.” 

10. REPRODUCTION 

The copulatory organs of insects, which are employed in repro¬ 
duction, are almost entirely integumentary in origin. While this 
is not true of vertebrates, integumentary contact and the skin 
odors already mentioned both play an important sensory role 
in the mating behavior of various higher animals. 

III. The Human Skin 

1. MACROSCOPIC 

The human skin as a whole conforms to the underlying parts of 
the body as a continuous organ. A baby, which at first may easily 
be held in the palms of two hands, grows in three dimensions, but 
the skin keeps pace with the change in size, always fitting the en¬ 
larging body perfectly without any bursting at the seams. The 
clothes, or adventitious skin, in which (he child is encased are 
frequently too large, because of the hopeful expectation that he 
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will grow to fit them eventually. Not so the marvelously pliable 
skin. Its smooth expanse is diversified by a few noteworthy 
elevations and depressions, as when it is stretched over Lhe carti¬ 
laginous framework of the external ear, or descends into the ear 

r 



% 





Fig. 131.— A Hottentot, showing the wrinkled skin 
of old age, and kinky hair, (\fter Martin.) 

passage itself. The innumerable liny pits, appearing wherever 
there are emerging hairs or openings of the miniature volcano¬ 
like sweat glands, are microscopic depressions that do not entirely 
penetrate the skin or in any way interrupt its continuity. 

Wrinkles and creases around the joints aid in accommodating the 
elastic integument, to changing contours. In old age the skin 
frequently exhibits wrinkles, because it does not shrink as rapidly 
as the underlying muscles, in the process of diminishing repair 
attendant upon advancing years (Fig. 131). 
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The skin is thinnest where if passes over the exposed pari of the 
eyeball. 11 is so thin and translucent, here, as well as in the double 
layer of the eyelids, that it is possible to perceive light through 
three layers of skin at once, a fact easily demonstrated by turning 
the closed eyes toward a brilliant light, when the difference be¬ 
tween light and darkness is distinguishable through the double 
skin fold that is the eyelid, and the continuous conjunctiva which 
constitutes the* front face of I he cornea (Fig. K>2). 

The. thickest region of the skin is found on the soles of the feet. 
Corns, callouses, and other local thickenings wherever there is 
continued excessive friction or pressure, are evidences ol increased 

_thickness by use and are 

Akin of -particularly pronounced 

A"Torehea^ on I he soles of the habit- 
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[ / nally unshod. 

| / / / / VITREOUS According to Lamarck 

II A /'v , /( cavity the thickened skin on the 

(jsf/ff / \ '!///1 \ soU*s of e baby's feet be- 

flyf/// / si \_C.l Ion* they have been sub- 

n Smi/l-* / aC i y^\ jected to use is inherited 

lI ff !j} SI / \ from ancestors who ac- 

€ 7 o C/ I quired it while walking 

I ° up and down the earth. 

, L-CONJUNCT.VA This is ])> no moans, 

I 1 icj. 132. Diairiiiiii ol I ho coniimcli\;i of i .» i 

however, the only posxi- 

tlie eye. show Iiii; i|,s rontimiily willi I lie skill * 1 

via tlie double told of ilw eyelid. < m., cilimv blc or even the most 

muscle, c.l. cilimv ligament; "•< . milerior plausi ble e\|)lanu I ioil. 

chmnber; pc., pnsteiini chamber; \R», Mcj- m i • / \> i \ 

, . , , iii> I\1 ud puppies (ixeelurus) 

homian gland; «*.. eyelash; n, rchna. . . 

likewise have the t hickest 
skin on the soles of the feet. Since these primitive amphibians 
have their bodies always supported by the surrounding water, 
they do not use the soles of their feel, nor is it likely that any 
of their ancestors did so. Obviously there must be another reason 
for the differentiation in skin thickness on the soles of the feet. 

According to Hauber the area of a typical human skin is about 
l.b meters square, or approximately live feet square. This fact 
is instructive when it. is remembered that certain functions of the 


skin, as an organ of excretion or respiration, for example, depend 
upon its expanse. 

The weight of the human skin with the subcutaneous fat re- 
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moved, as determined in autopsies, is staled by BischofF to be 
3175 grams for a thirty-two year old female, and 1850 grams for 
a male thirty-three years old, or approximately from 7 to 10.7 
pounds. 

The color of the skin depends upon two factors, namely, irans- 
lucency, which permits the underlying capillaries to show through 
as in blushing, and The presence of pigments, of which there are 
several kinds, while, yellow, black, and red. Excepting in albinos, 
these pigments arc all present in xarying proportions in the dif¬ 
ferent races of mankind. They are unequal in distribution, even 
in a single individual, being heavier on exposed parts of the skin, 
and around the axillae, nipples, and genitalia. The general color 
of the skiu of so-called while people varies also with age, from 
pink babyhood to yellow' senescence. 

Characteristic blue-gray birth marks in the sacral region of 
new 1>-born mongoloid people, which fade out in the course of 
two or three years, are due to brown pigment granules located in 
the deeper translucent Fixers of the skin. 

Nerve endings, except those of the most undifferentiated char¬ 
acter, do not ordinarily extend into the intercellular spaces of 
the epidermis, therefore stimuli which aifect the body must reach 
the deeper-lying nerve endings of the corium throngh the protective 
barrier of the epidermis. 


2. MICROSCOPIC! 

The cells of the epidermis are arranged in stratified layers, like 
the leaves of a book, with the most important, and indispensable 
layer next to the corium. From it the. other more superficial layers 
are derived, together with such accompanying modifications as 
hair, feathers, and nails. This remarkable life-giving restorative 
layer of genninative cells is called the Malpighian layer (Fig. 133), 
in honor of Marcello Malpighi (1628-1691) who first pointed out 
its significance, thereby erecting to his name a memorial far more 
enduring than an isolated mausoleum or a marble shaft. 

The cell progeny arising from the germinalive Malpighian layer 
are gradually modified while they are being crowded toward the 
exposed surface of the skin. Their walls become thicker at the 
expense; of the cytoplasm, while the breakdown of their nuclei is 
accompanied by a sequence of chemical changes in the cell sub¬ 
stance. Finally, the body of each cell flattens until eventually 
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only a dead scalelike remnant remains, like the collapsed skin of 
a grape after the pulp has been squeezed out. The squamous 
husks of I he outermost dead cells thus formed are constantly break¬ 
ing free from the underlying layers, being shed with no interrup¬ 
tion of function of the skin as a whole, and at the same time a con¬ 
tinuous renewal from the Malpighian layer below is maintained. 



Corneum 

Lucidum 

Grrenulosum 
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Fin. 133. Diagram of the skin, showing how the Malpighian layer gives rise 

to the superimposed layers of I he epidermis. 


Dandruff is formed of the mailed masses of the outermost dead 
epidermal cells. 

It has been estimated that a person who has attained three 
score years and ten has, quite unawares and painlessly, gotten rid 
of over forty-five pounds of dead and discarded epidermal cells. 
Due to the eternal youth of the Malpighian layer, the skin in 
this way is cleaned over and over without wearing thin the way 
clothes do that are repeatedly scrubbed. The chief constituent 
of the dead outermost layer, or corneum , is keratin . The region 
between the outer corneum and the living Malpighian cells below 
is characterized in certain areas of the human body by the presence 
of two transitional layers, called the stratum granulosum and the 
stratum lucidum. The former is best seen in cross section of skin 
taken from the soles of the feet or the palms of the hands. It is 
several cells in thickness next to the Malpighian layer, and is 
called “granulosum” because, upon the breakdown of the Mai- 
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pighian nuclei, keralo-hyalin granules (Waldeyer) are formed, 
which give it an appearance of greater density. 

The apparently homogenous stratum lueidum, which lies just 
outside the stratum granulosum and is derived from it, owes its 
semi-transparency and comparative resistance to all ordinary 
histological stains to the fact that the keralo-hyalin of the stra¬ 
tum granulosum becomes changed at this point into a different 
chemical compound, called ele id in (Hanvier). This layer is usually 
wanting except where the skin is particularly thick, hut it reaches 
a conspicuous development in the nails, which it principally com¬ 
poses. 

Skin pigment is usually located in the Malpighian layer of the 
epidermis, although in some vertebrates it is distributed among 
the deeper-lying cells of the corium. 

The corium , or derma , is the distinctive part of the vertebrate 
skin, being unrepresented in invertebrate integuments. It is a 
network of connective tissues consisting of cells and fibers produced 
by cells, felted together. It underlies the superficial epidermis and 
is many times thicker. When leather is made it is the corium that 
is tanned to produce it, the epidermis being discarded. The 
corium of the human skin as well as that of different animals can 
be made into excellent leal her. As a matter of historical fact., during 
the French Revolution,-shoes were made from the tanned skin of 
guillotined persons. It is related of one Johann Ziska, a fire-eating 
German patriot of olden days, that he stipulated ill his will that 
his skin be tanned and made into a drumhead, the martial res¬ 
onance of which should incite those who heard it to fight as val¬ 
iantly as if his own voice were urging (hem on. 

Many structures are embedded in the corium, capillaries and 
lymph vessels in abundance, nerve endings, sense organs, migrating 
pigment cells, deposits of glycogen and fat, smooth muscle cells, 
sweat glands, sebaceous glands, and hairs. 

The deeper parts of the corium form the subcutaneous layer, 
characterized by the inclusion of musses of soft fat, cells and by the 
looser weave of the felted reticulum, which allows greater freedom 
of motion to the underlying muscles. Its blood supply may in¬ 
clude a large fraction of the total amount of blood in the entire 
body. Some of the libers of the subcutaneous region interlace wi tli 
the libers composing the connective tissue sheaths that envelop 
the muscles, thus fastening the skin down, as it were, more firmly. 
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This is demonstrated better in the palm than over the back of the 
hand where the skin is looser. 

In regions of the body such as the linger tips that are much in 
contact with tilings, the outer part of the curium just under the 
epidermis is thrown up into rows of tiny projections, or papillae , 
that form ridges (Fig. 131). It is customary consequently to speak 



Fin. 131. Disigran showing some of I hr drlails of friclion skin. Tin* ridges 
on fh<* surface are pm ‘(rated hy I hr pores of (he sweat glands, which lie roilrd 
up in lla* corium bet w. Two srusory papillae arr shown. SP, sweat pores; 
(!L, corneal layer of 'pidcimix, ML. Malpighian layT of epidermis; (', cu¬ 
rium; IN, nerve of foi ch. (After Witter and Wrnlwoith.) 


of a papillary layer of I he curium, all hough stratification of the 
curium is not as pronounced as strut ideation of the epidermis. 
r riie roughened papillary layer helps possibly to hold the curium 
and epidermis together at points on the skin where friction or pres¬ 
sure is frequently applied, for I he epidermis dovetails intimately 
into the minute hills and valleys formed by I he dermal papillae. 

There are two sorts of papillae in the papillary layer, namely, 
nutritive and sensory , the former containing a capillary knot, the 
latter occupied by a sensory nerve ending. It is possible to demon¬ 
strate these two kinds of papillae experimentally in the linger lips 
by patient manipulation with a very line needle. When a nutritive 
papilla is punctured there is no particular pain, although a tiny 
drop of blood may appear, but when a sensory papilla is pricked 
no blood flows and pain is felt. Both kinds are so close together, 
and any needle point is relatively so large, that it. requires nice 
discrimination to perform the experiment successfully. 

Wherever papillae are present, three layers, which shade imper- 





A JACK OF ALL TRADES 


207 


ceptibly into each other, may be distinguished in the corium, 
namely, papillary , reticular , and subcutaneous. 


3. EMBRYONIC 

As already indicaled, the human skin as well as the vertebrate 
skin in general has a double embryonic origin. The epidermis, 
which is the primary component, arises from that part of the ecto¬ 
derm remaining after the medullary tube, which forms the central 
nervous system, has migrated in from the* outside by invagination. 
It consists at first of a single layer of ectodermal cells that soon 
gives rise to a temporary skin, the epitrichium (Fig. 135), a delicate 
outer layer of somewhat swollen cells which take certain stains 
distinctively, thus showing a specific chemical character. Corneal 
cells, derived from the .Malpighian layer, soon appear under the 
epitrichium until, at the age of 
about three* months in the human 
embryo, the epidermis of the fetus 
has acquired a thickness of three or 
four cells deep. \bout the fifth 
mouth of fetal life, when embryonic 
hairs begin to emerge from the skin, 
the gauzy epitrichium is shed from 
the entire body, excepting the palms 

and soles, into the amnionic fluid, and is never replaced in kind. 
The name epifrichiurn (epi* upon; Irichiurn , hair) signifies that 
this layer temporarily rests upon the tips of the budding hairs. 
A more inclusive term for this evanescent embryonic manlle is 
periderm (peri , around; derm , skin), since it. is present, as a part 
of the embryonic skin of reptiles and birds also, where there are 
no hairs for it to rest upon. 

The corium is derived from cells of the somatic* mesoderm and 
the mesenchyme. It is secondarily wedded to the overlying epi¬ 
dermis, which it eventually exceeds many times in thickness. 



Fks. 133.- Skin from the head 

of an embryo of 2 1 o months. 
The iriegulai dark oilier laver it 
the rpitrichium. e, epidermis; e. 


IV. Comparative Anatomy of the Integument 

1. INVERTEBRATE INTEGUMENTS 

The microscopic bodies of protozoans are without a true integu¬ 
ment, although in Amoeba there is a clearer marginal area, the 
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eclosarc , which is different, from the more granular inner part, or 
enclosure of the cell. 

In other invertebrates that expose a cellular covering to the out¬ 
side world, the integument is entirely ectodermal in origin, the 
mesodermal component being absent. No one has ever heard of 
leather being made from any backboneless animal, for leather is 
manufactured from the mesodermal part of vertebrate skin, and 
there is no such thing as invertebrate coriurn. 

The simple invertebrate skin is called hypodermis , in distinction 
to the epidermis and coriurn of the compound vertebrate skin. The 
__ ^ hypodermis may consist 

T of lkl 

JPnL QfL»l»/(?.!.[[I epithelial cells , as in 

x « ' i iT ■- ■ "" ~~ — • =►- ^ sjlodges and many eoelen- 

Fkj 136.—A sort ion through the skin of an l crates; of columnar epi- 
earthworm. G, cuticle. serreted hy the hypo- //„,//„, ? ^ as i ri worms geil- 
dcnnnl <*ells; II, hynodeimis: M, muscles. .. . tw v 0 

(After Schni'idtT.) ' «™lly (* itf. !•«>): or of 

ciliated epithelium , as in 

flatworms and various larvae. Sensory and gland cells of various 
kinds may be interspersed between other cells of (he hypodermis, 
and thus be in a favorable position to come into relation with the 
environment. 


Frequently the hypodermis secretes a more resistant outer coat 
of chitin, lime, or other substance, that is not in itself cellular but 
which comes to constitute an integumental exoskeleton. This is 
particularly the case with arthropods and mollusks. As the body 
increases in size within the unyielding integumentary armor, il 
becomes necessary periodically for the hypodermis to loosen, and 
to cast off the lifeless, unaccommodating secreted envelope in order 
to renew it on a larger scale. Reminders of this process of 
eedysis , or “molting the skin,” which is typical of arthropods 
particularly during the growing stages of metamorphosis, still per¬ 
sist even among vertebrates in the various ways by which dead 
corneal cells are sloughed off from the epidermis. 

Unlike arthropods, mollusks do not undergo general eedysis 
but retain, with unfortunate parsimony, the exoskeletal limy shells 
secreted by the hypodermis, until they become so weighted down 
by adding layer after layer that locomotion is made difficult and 
sensation largely superfluous. Eventually sedentary contentment 
and accompanying degeneration take the place of the natural pro- 
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gressive evolutionary consequences that follow upon a more active 
and exploratory existence. 


2. TLIN 1 CATES 

Among t unicat os or ascidiaus, which occupy a borderland 
position between invertebrates and vertebrates, the epidermis is 
much like the hypodennis 
of lower forms, because of 
its power to secrete a cuticle 
of noil-cellular material 
(Fig. 1ST). The peculiar 
substance secreted is called 
iuriicin, which is not en¬ 
countered elsewhere in the 
animal kingdom, although 

a chemically similar sub¬ 
stance cellulose is a wid( H tunicate, Phallusia Tin* wandering mesen- 
, ... . . cltvmc cells sccrcf.c the intercellular fume in. 

spread consliluenl ot plant (\r M . r <>. Uoruig.) 

tissues. "Not only blood 

vessels and nerves but wandering irregular mesenchyme cells also 
penetrate into the lunicin matrix thus secreted, adding 1o the pro¬ 
tective toughness of the mantle or tunic which gives these animals 
their general name of“ tunicates." 




3. AMPT1IOXHS 

In ampliioxus the typical compound integument of the verte- 

,co brutes is minced to its simplest expression. 
The epidermis consists of a single layer of 
^ columnar cells, which in the larval stage are 

(\ -¥^1 co as i* 1 certain worms, and which later 

* 1 1 1 1 produce a thin non-cellular cuticle that is 

reminiscent at least of the exoskeletal struc- 


Fio. 133. -Section tures secreted by the hypodennis of in- 
of Skin Of -mphiovus. verU . hralc fon-hoars. Thus aniphiovus, in 

riurn; e. epidermis; assuming the dignity ot a vertebrate, does 
m, muscle. (After not entirely burn all its invertebrate bridges 
Haller.) behind itself. The curium in the skin of 

amphioxus is represented by a thin layer of gelatinous connective 
tissue overlying the musculature (Fig. 138). 
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4. CYCLOSTOMES 


HH 



The slippery lampreys and Imgfishes specialize in a highly glan¬ 
dular skin (Fig. l.‘>9). There an' no scales present to restrict or 

A modify the abundant and characteristic 
glands of various kinds, although princi¬ 
pally mucous, that are distributed among 
^ the cells of the thick man>-layered epi¬ 
dermis. Kpidermal cells in the skin of 
cyclostomes, from the deep-lying germi- 
native Malpighian region to the surface, 
.! - 'I ' do not exhibit the same sort, of progres- 

^ m f~^r C s ' ve degeneration toward a lifeless corneal 
lT g- - condition that is characteristic of the 

J typical mammalian skin. The outermost 
-| cells even retain their youthful cylo- 
J m |)lasmic character and arc; active enough 

Fio. l.W.-Dii rammntic to secrete a thin cuticle ^ 

section through the skin uf ov < T || ln j r r M > usw | sur . / 
u l;iinprr\ eel, I'rlmmyzon. . I 


1 

- l 


ii luniiM > > ' ' i, * r ii i/iif v.i/m. <> j* . 

l>, beaker kImikI cell; <■, <•<„,- Ja( ' es ' « Iran' 

inn; r, epidermis, g, gnmii- perhaps ot loilg-VUli- 
lar gland eell; iii, iiiiderl>ing i s | UH J in \C| tebral e (la> s. I 

opiilcrmnl n-lls show 'stria- 1 U ‘ Hil & '«• |\ 7 J 

lions; which an* suggesti\e I 10j upon the surface J& ... i 

°r die cilia or sonic inverte- of Hie piston-like fleshy o 

tongue iorin an excep- t,oii a l mouth of po¬ 
tion to the apparent lack of epidermal cornilica- showing 

lion in those animals. Periodically shed and |'• !T,'Ar,-IiW<■ L |o,,' 
renewed in the orthodox fashion of other corneal (From (legenhaur, 
strtictures, they are thus to be regarded as a,,l ‘ r lh*rkd and 
corneal modifications of the epidermis. J\<rr.) 

The corimn, which is thinner than the epidermis in these primi¬ 
tive aberrant fishes, is an interwoven network of vertical and hori¬ 
zontal connective tissue fibers, practically undifferentiated into 
strata. 


5. AMPHIBIANS 


The amphibian skin has much in common with that of cyclo- 
stornes, being highly glandular, scaleless, and with a relatively thin 
corium (Fig. 111). The epidermis, although consisting of several 
layers, is nevertheless thinner than that of cyclostomes. The 
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glands, however, are of a more complicated type, being composed 
of several cells each, instead of a single cell as in cyclostornes. 
Although arising in the Malpighian layer of the epidermis, the 
compound integumental glands of amphibians do not remain in 
an epidermal position, as do the skin glands of cyclostornes, but 
push deeper down into the eoriuni. Since amphibians are transi¬ 
tional animals, in and out of a water habitat, their plentiful glands 
help to keep the skin moist, and suffi¬ 
ciently permeable for respiratory 
service. The vascularization of the 

amphibian skin is particularly pro- p_> 

nounced during the critical period of 
metamorphosis, when, in some cases, 
the unusual vertebrate condition of 
penetration by capillaries of the epi¬ 
dermis lakes place. 

Among the higher amphibians 



-co 




■ i i o., • . • . Fig. 111. -Section I h rough I he 

winch spend much o! their tune out ,* v r , 

ofwaler, lliocomourn is dillV'ieillialed rium; c. epidermis; K , compound 

ill llui epidermis willi I lie resnll that i<m<"«isftliind: m, muscle, p, pi K . 
i ii i i < i incut cells, (\flci Haller.) 

eedysis occurs, the dead outer layer 

sloughing off. sometimes in fragmentary rags and tatters. The 
corueum, however, is especially characteristic of land animals, not 
being as evident in aquatic forms. 

A secreted invertebrate-like cut ide, such as amphioxus and cyclo- 
stomes have, is transiently present in .some larval amphibians, much 
to the delight of the comparative anatomist, although it no longer 
appears in adult forms. 

Pigment cells of the amphibian skin are located mostly in the 
corium, where they come under the control of the nervous system 
so that certain species, tree frogs for example, are able to adapt 
themselves with considerable success to the color of the back¬ 
ground on which they lind themselves, thus escaping detection, 
it should be noted that the skin glands of ‘"warty*’ loads take on 
an irritating or even poisonous function, which discourages the 
advances of molesting enemies. 


6. SCALY FORMS 


In many vertebrate species scales form a conspicuous modifica¬ 
tion of the integument. The character of the different kinds of 
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scales will be considered in a later paragraph. In this connection 
attention will be directed simply to some of the characteristic 
inlegumcntal features of vertebrates with scaly skins. 

Most fishes possess scaly skins. Aside from scales the integument 
of fishes is generally marked by the snugness with which it fils the 
underlying muscles. There is a tailored nicety about the skin of a 
fish I hat is not apparent in the. baggy jacket of a frog, or l he loose 
integument of a bird, or the comfortable elasticity and wrinkles of 
the mammalian skin. 

The epidermis of fishes is highly glandular. I'suallv the epider¬ 
mal glands are superficial one-celled structures outside the scales 
(Fig. 112), which serve to anoint the body with mucus. Although 







Fin. 142. - Long section through the skin of a tcleost, Barbus. (After Maurer.) 

prophetic indications of a corneum are found in some instances 
among fishes, in general the epidermis, as in cyelostomes, does not 
differentiate a definite external corneal layer, for a dead corneum 
is an adaptation to life on land and exposure to dry air. 

The curium of fishes is a lypioal mesh work of connective tissue, 
more stratified in its deeper parts, and bearing the embedded 
scales to which it gives rise. Frequently the curium as well as the 
epidermis displays pigment of different kinds that decorates the 
body with an endless variety of patterns and colors, particularly in 
brilliant bizarre tropical fishes. 

In the (‘volution of amphibian a it appears that multicellular 
glands have displaced scales as the most characteristic features of 
the skin. These two structures are to a considerable degree mutu¬ 
ally exclusive. A truly glandular skin would be hampered by the 
presence of scales, while a scaly skin is in no wise a convenient 
place for glands. The tiny one-celled mucous glands over the sur¬ 
face of the scales of a fish are not to be compared in this connec¬ 
tion with the dominant many-celled glands that characterize the 
amphibian skin. 

Extinct stegocephals of the Carboniferous Age were as scaly as 
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any of their contemporary fishlike neighbors. Many of them were 
large creatures resembling salamanders in form 1 hough greater in 
size (Fig. 25). They were conspicuously clothed with a cumbrous 
platelike armor quite in style, for they lived in the days of scales 
when defensive knighthood was in llower among the animals of the 
earth. 

Of modern amphibians only the degenerate tropical caecilians 
(Gymnophiona) have any suggestive trace f scaliness. The cylin¬ 
drical bodies of these small wormlike ani¬ 
mals are encircled bv bands of Liny scales 
embedded in the skin, alternating with 
areas of a typically glandular character 
(Fig. 115). In the skin of these lowly 
inconspicuous bearers of the amphibian 
name, is written the final episode of the 
evolutionary story of the rout of scales 
by glands. 

The highwater mark in completeness 
and elaboration of a scaly skin is reached 
by reptiles. One has only to examine with trough ilu* skin <>1 an np<>- 
care the pattern, sculpture, and arrange- S( . all>h . t , in fhl . 

menl of the scales on a snake or a lizard, corium, an* in Mack, 1>«;- 
to be impressed with their exquisite per- r , ' > v< * ( n tw<» «i»nt plaint mils. 

lectlOil. ^ ^ . glands projecting into the 

As a group reptiles are definitely com- cnriiim, are represented near 
milted to life on land, in spite of certain l } li ' surlaec. (Alicr V. A t. 

backsliding exceptions. This fact has ^ lirtl,sl11 ^ 
left its modifying impress on the skin, which is no longer thin, 
moist, and respiratory, but thick and cornilied against exposure 
to dry air. The struggle for a place in the sun between scales and 
glands has had quite a different issue in reptiles Ilian in amphi¬ 
bians, since the former habit ually rub much against I he dry ground, 
thus having use for a corneal skin to safeguard them against fric¬ 
tional contact and desiccat ion in dry air. In consequence eedysis 
is necessary for the removal of the dead outer layer of epidermis. 
Integumentary glands, which are superfluous in a highly cornilied 
skin, are found only in exceptional cases as relies of the days 
before the ascendency of scales. 

Some extinct reptiles, for example, ichthyosaurs and pterodac¬ 
tyls, apparently had a scaleless skin, but most of t he dinosaurs and 
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their mesozoir relatives wore burdened with an enormously de¬ 
veloped integumentary armor made up of large dermal plates 
(Fig. 33, D), which were usually embossed in has relief , and some¬ 
times bore along t he back formidable spines 
projecting upward two feed or more. 

The corium in modern reptiles plays a 
secondary role, while the epidermis reaches 
perhaps a greater elaboration than in any 
other group of vertebrates. 

Among birds and mammals scaliness is of 
exceptional occurrence. The scaly legs and 
feel of leathered birds (Fig. Ill) reveal 
1 heir reptilian ancestry, while there area lew 

Fir;. 1V1. Srnly foot scale-specialists among mammals, such as 
^ i •■I! \° S,,ri the armored armadillos of South America 

and the pangolins or scaly an tea levs of 
Africa. The skin of the fetal brown bear loo is scaly all over with 
hairs interspersed (Fig. I 15), and rats, opossums, and beavers have 
scaly fails that are conspicuous emblems of 
ancient allegiances which the comparative 
anatomist who runs may read. 

7. BIBOS 

Anyone who has ever attempted taxidermy 
knows how loose, thin, and easily lorn is the 
skin of a bird. Those parts not covered by 
feathers, like the shanks and the bare uresis 
around I lie base of the beak, exhibit a thick¬ 
ened corneal layer of epidermis, but every¬ 
where else not onl\ the epidermis but also the , * jm " 

• I ,. . . . l>ry<> oi hrinorms, 

corium is reduced to a delicate thinness. 4 3 cm \ n 

The typical looseness of a bird's skin, so un- showing a tempo- 

like the tightly lifting integument of the lishes, / , . ,r r l * y r J ,!8 ^ skm. 

■ , ' • it- 1 . ii- , (Alter Haeckel.) 

is an advantage in night, enabling the muscles, 

unhampered by a binding integumentary covering, to contract 

freely and to change their shape easily. The looseness of the skin 

on the belly of penguins serves a special purpose adapted to icy 

antarctic conditions. During incubation the single egg is lifted 

off the frozen ground to a secure position on top of the webbed 

feet of the parent bird and a generous apron of loose skin from the 
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Fi<;. 1 I<>. A king penguin 


region of the belly is snugly wrapped around the egg to keep it 
warm (Fig. 146). 

Exoskeletal structures of birds, such as feathers, beaks, leg- 
scales and claws, are entirely epidermal, since dermal elements 
like the scales of lishesor the bony plates 
of certain reptiles are absent in this 
group. 

a. MAMMALS 

The essential features of the mamma¬ 
lian integument have already been de¬ 
scribed in the prc\ ions section on the 
human skin. It may bn emphasized here, 
however, that among mammals the cu¬ 
rium reaches its greatest development, 
becoming many times thicker than the 
epidermis. 

The conspicuous modifications of the 
mammalian epidermis are hairs and 
glands. Those structures willi others the «»Iii..r> im.> 

I he pouch allcr iehe\ing 

will be considered in the next section. i|s mn(l .. “These hints build 

no nests. l»ul can > Ilieir sin- 

V. DkHIV ATIVKS OF THK I INTtXilJMKNT " 1< ‘ "KB •»! top ..Mlieir ftvl 

tinning it with n Hap ol 

1. (iLANT)S skin It’ llio hint is loliheil 

ol Us egg, it will at tempt to 

(a) In (jcncrul . Glands are cellular mo1 | llM a sfoiI( ,” (Alter 

struct ures that produce either a secretion Murphy, in National (len- 

or an excretion. Jn addition to the in- n r, 'l ,l ‘ ir of A » ,ril * 

p>22.) 

tegumentary glands considered in this 

chapter, there are other glands that open on the mucous mem¬ 
branes lining the internal passage-ways, and still others within the 
body which, in consequence of having lost their duets, depend 
upon blood vessels for the disposal of their products. 

All of the integumentary glands of vertebrates lake their origin 
in the Malpighian layer of the epidermis. They may consist of sin¬ 
gle cells which have gone farther than their ectodermal neighbors 
in glandular specialization, or t hey may be composed of groups of 
similar cells that join in the common enterprise of producing some 
kind of substance which is, or is not, of use to the organism. In 
the former case it is a secretion, and in t he latter, an excretion. 

Glands such as the sebaceous hair glands are called necrobiolic , 
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because in the production of secretions their cells are used up and 
have to be replaced. Another lypo, like sweat glands for example, 
are vitally secretory in character, that is, they continue to elaborate 
secretions without fatal results to their structural units. 

The simple one-eelled glands of lower forms, such as the mucous 
glands in the h>podermis of an earthworm, have at first a surface 
exposure to the outside world. As glandular needs increase with 
the enlargement of the body, and the amount of available outside 
surface becomes inadequate, I hey push down into the underlying 


3 c d 



Fir; I IT. Pingrmns of \m inus types of glmids, shown us in\aginations from 
n layer of indifferent cpil helium. a, primitive unicellular glands: b, simple 
tubular gland; e, roiled tubular gland; d. branched tubular gland; e, simple 
aheolar gland; f, compound alveolar gland, with a single duct; g. more highly 
differentiated alveolar glands, with eompound ducts. (Modified from Wilder.) 


corium, thus adding enormously to the total secreting area with¬ 
out taking up any more room at the surface*, jus! as large bays and 
inlets increase greatly the actual extent of the coast line between 


two points as a crow flies. 

Many-celled epidermal glands which occur in land forms higher 
up in the scale are either tubular or alveolar (Fig. 117), and may 
be (‘it her simple, branched, or compound. The amount of space 
that a compound gland occupies at the surface is relatively small, 
being represented simply by a tiny pore for the escape of the secre¬ 
tion produced. 

(/>) Invertebrate Skin Glands. - Representatives from nearly 
every phylum of invertebrates exhibit integumentary glands of 
various sorts that serve a variety of purposes. The Cnidaria among 
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coeleaterates receive their name from the wide-spread occurrence 
of glandular stinging cells, or nemalocysls , in the ectoderm, by 
means of which small prey is paralyzed, and the attacks of enemies 
probably are warded off. 

Sedentary animals in some instances may gain anchorage by 
glandular activity. Thus, the cement glands of barnacles enable 
these curious crustacean cousins of the crabs to stand on their 
heads, securely fastened within their protective shells, in which 
position they can tranquilly kick food into their mouths in safety. 

Many mollusks also, for example mussels, attach themselves to 
some solid foundation by the secret ion of tough byssal threads 
from a byssal gland, liven microscopic rotifers, as they inch along, 
manipulate their tiny bodies by the aid of a sticky tail gland, while 
the lacquered cocoon in which an earthworm deposits its under¬ 
ground eggs is secreted by the glandular cl i fell urn. 

Many insects produce glandular secretions. The defensive odor 
of “stink bugs,” the protective millinery of woolly aphids, the 
poisoning or irritating power of myriapods, spiders, and brown-tail 
moths, as well as the thread and web spinning of caterpillars, are 
all due to the activity of hypodermul glands. Anyone who has 
picked up a fat-bodied blister beetle (Melde), will remember the 
acrid yellow “elbow grease" that exudes glandular unfriendliness 
from its joints. Bee's .wax is another product of invertebrate in¬ 
tegumentary glands. 

(r) l erlebrule (Hands. —The. almost universal epidermal glands 
of Jishes are superficial one-cellcd mucous glands , which are wide¬ 
spread both over the surface of scales, and wherever naked skin 
occurs. They are supplemented by two kinds of less common 
glandular cells, namely, granular gland cells , which are especially 
abundant throughout the epidermis of cyclostomes (Fig. J.'W), and 
more deeply lying beaker cells that frequently extend from the 
Malpighian layer all the way to the surface. All three of these kinds 
of glands contribute to render fishes slippery and hard to grasp. 
Doubtless loo by lubrication they may facilitate to a certain ex¬ 
tent- the passage of these submarines through the water, also effect¬ 
ing the constant removal of foreign substances that may adhere to 
their bodies. 

The African lungfish, Protopterns , has skin glands that secrete a 
varnish-like cocoon in which the animal aestivates, buried in the 
mud, thus surviving the dry season. 
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Plerygopodial glands, associated with the pelvic “claspers” of 
male dogfish and other selachians, are multicellular mucous glands 
having to do with copulation. 

Deep-sea fishes, that live in a world of darkness where no ray 
of sunlight can penetrate, are in many instances equipped with 
glandular integumentary organs of considerable complexity, which 
produce phosphorescent light. These light-producing glands 
(Fig. 1 IB) are practically the only many-eelled glands in 1 lie skin 



Fifs. I i-R A <t(‘<‘p-s<‘a Meosl, CUauliodna, with a double row of plio^phoroscrnl 

light orpins on Fillin' >i<l<‘ (After LendrnlVId ) 


of fishes. They are usually accompanied in those species possessing 
them by enormously large eyes adapted for catching the faintest 
glimmer of phosphorescence, so that when Diogenes of the Deep 
Sea far<*s forth, his lantern may not pass by unnoticed. Other 
deep-sea fishes, without light-producing organs, are usually en¬ 
tirely blind or have only very degenerate' eyes. 

Certain fishes, as well as amphibians and reptiles, also have 
integumentary colls of a glandular nature, called chronmhphores , 
by means of which the color of (he? body may be modified to con¬ 
form to the color of the environment in which the animal tempo¬ 
rarily finds itself. It lias been demonstrated by Parker that the 
operation of these color changes depends not so much on direct 
stimulation through the nervous system as upon certain “ueuro- 
humors" or hormones produced by ductless glands within the 
body. 

With the exception of the so-called Ley dig's glands found in the 
larvae of some salientia, one-celled epidermal glands, so character¬ 
istic of the fish skin, do not appear in amphibians , being replaced 
by many-celled alveolar glands which also provide mucus. 

One of the functions of the skin glands of both fishes and amphib¬ 
ians that does not recur as an in tegumental activity in higher 
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vertebrates, is tlie production of irritating or poisonous substances 
as a means of defence against enemies. In fishes such poison glands 
are usually at the base of puncturing spines or 
sharp tin rays, but in amphibians they are more 
generally distributed over the body. Toads, for 
example, are usually left alone on account of the 
noxious secretions from their skin glands. The 
glandular rings that alternate with the tiny em¬ 
bedded scales of the blind cuccilians are equipped 
not only with many-celled mucous glands, char- y li} ]|c>._ 

act eristic* of amphibians, Hind fool, of a 

but also with peculiar gianl ,m ‘ ln> "* S,K>W " 

, , ing glandular 

poison glands (fig. I L$). SIJ(kiuir (iisrs at 

Aiiolhcr function of cpi- the en<l< of the 

dermal lands is shown by fo<s (fromIIilz- 

|f tinnier, alter 

.. t .„. » m ‘ fr ‘* s (*'£• MQ ) 1,11,1 Dollo) 

esculmta. showing Hieepi- certain salamanders which 

dermal swelling on lhe have glandular feel that enable them to 

radial .sid» vv [ ,,( *' stickle vertical surfaces, and by some male 
pears lemporurii\ during 

the breeding season, and frogs that are unique in having glandular 
is an aid m grasping the thumbs swollen during the breeding sea- 
femuU si < ur<il\dining am- sof making it possible for them to saddle 

on to the slippery backs of the*, lemalcs 
until the extrusion f the 1 sperm and eggs is accomplished (Fig. 
150 ). 

Epidermal glands are much reduced in reptiles and birds, and 
whenever they do appear are quite localized. For instance, from 
neck to tail down the long back of an al¬ 
ligator there is a crowded row of degener¬ 
ate glands between the first and second 
row of scales on either side of the mid line, 
the use of which has not been determined. 

On the underside of the lower jaw T also 
there is a pair of evertible glandular struc- 
tures that during the mating season give of mi)l( , LnccpUu 

forth a strong musky odor which prob- probably useful in grasp- 

ably has something to do with tlie sexual mgHie female during eop- 

ii i ululion. (After Maurer.) 

psychology oi these animals. 

Similar odoriferous glands occur in other reptiles. They are a 
most notable possession, for example, of the “stink-pot” turtle, 




220 


BIOLOGY OF THE VERTEBRATES 


whose scientific name, Aromochelys odorata , is almost as descriptive 
as its common name. Odor glands are located particularly about 
I he cloaca! opening of copperheads and certain other snakes. 

The so-called femoral "glands" of male lizards, extending in a 
row along the inside of the hind legs from knee lo cloaca like a 



Fio. 152. -Srelion through a single 
lrmoral pore (Fig. 151) of <\ li/ard, 
Lacerht. showing projecting plug of 
dry cells (lull, may help to present 
slipping during copulalion. (\ft<*r 
Biitschli.) 


row of tinv portholes (Fig. 151), 
produce a dry ginning secretion 
which hardens into short spines, 
or “t eel IT’ (Fig. 152), that are 
useful as a holdfast gripping de¬ 
vice during copulalion. 

r rhe urapygial , or preening 
glands , arc best developed in 
water birds, and are reported as 
being odoriferous during sexual 
activity, which suggests that 


their ancestral function was sex¬ 


ual allurement, although their chief use now has mine to be that 
of supplying pomatum for use in preening. They are paired struc¬ 
tures usually with a single outlet from which the bird squeezes 
out the greasy secretion with its beak when dressing the feathers. 
In ducks and pelicans there are several ducts instead of a single 
opening that allow the oily secretion lo escape. n 

Aside from this curious uropygial gland at the jj 

base of the tail, the only other integumental n 3 

glands found in birds are oily glands in the exter- 
nal ear passages of certain gallinaceous birds, , ; ^ f&PZ) 

like the European capercaillie (Telrao urogullus), * . v. 

j > * j » 

and t he American turkey. ^ 

Integumental glands reach their greatest vari- p fr 153 —-A. 
ety and differential ion in the rnamtnalian skin, swrai gland. A, a 
They are never unicellular, being either tubular network of rapil- 

or alveolar m character. w hi«l. lies U. 

(d) Siveul (Hands.—Suva I glands are the most coiled end of a 
common and generally distributed of mammalian sw f Ht B. 

tubular glands. Dr. Oliver Wendell Holmes, in ^ ,iCr knnlwr.) 

his delightful lectures to Harvard medical students, likened sweat 
glands to “fairies’ intestines.” Each one is an elongated tube, the 
walls of which are composed of cells (Fig. 153). The deeper 
glandular portion is usually coiled up to occupy a minimum of 
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space, while the outermost part, that serves as a duct and opens 
at the surface with a funnel-shaped pore, often spirals like a 
corkscrew as if it found difficulty in penetrating the compacted 
outer corneal layer of the skin. Although originating in the epi¬ 
dermis like all other integumentary glands of vertebrates, sweat 
glands by a process of growth push deep down into the corium 
where their terminal coiled parts come into intimate contact 
with the capillaries, making possible the extraction of sweat from 
the blood. 

In a healthy man the fluid sweat, visible and invisible, amounts 
to a daily loss of from one to live pints, and in extreme instances 
to as much as two per cent of llie entire body weight. It is literally 
true that man "sweats blood," for sweat is derived from that 
source of supply. It has been estimated that there are two and one 
half million sweat tubules in an average human skin each with a 
separate pore just at, the limit of visibility to the naked eye. 
Stated more graphically, there are about four hundred printed 
words on this page, and in the entire book approximately one eighth 
as many words as sweat glands in the author’s skin, all of which it 
might be added have been exercised in laboriously arranging the 
letters as they stand. 

Sweat glands in t he human skin are not equally distributed, being 
more numerous on the palms and soles than elsewhere, and attain¬ 
ing a notably greater size under the arm pits. 

Racial differences in the abundance of sweat glands have been 
observed, as shown in the following counts per square centimeter 
on the linger tips: American, 558; Filipino, 653; Negrito, 709; 
Hindu, 738.* Negroes can endure the tropics better than the whites 
because they are more generously supplied with sweat glands. 
There is so much individual variation in whites with respect to 
the ability and ease to perspire, that army authorities of England 
and the Netherlands take cognizance of this fact and do not detail 
for service in their tropical colonies those men who are unable to 
sweat freelv. 

4 / 

In mammals that are abundantly clothed with hair, the sweat 
glands become crowded out or localized in restricted areas. Thus, 
in cats, rats, and mice these glands are confined to the soles of the 
feet; in bats, to the sides of the head: in rabbits, to an area around 
the lips; in deer, to the region at the base of the tail; in shrews, to 

*Anat. Rec 1917, l. 
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a line down either side of the body; in ruminants, to the muzzle 
and [lie skin between the toes: while in the hippopotamus sweat 
glands occur only on the ears, which are the parts of the body of 
these semi-aquatic monsters most exposed to air. 

The male of the giant kangaroo is named Macropus rufus be¬ 
cause its sweat, is reddish in color, and the African antelope, 
(Jephaloplms pygmaeus , is said to produce albuminous sweat that 
forms a bluish lather. It will be remembered that in the “horse 


and buggy days,” when a harness chafed an o\erheated horse, 

^cuticio \ while lather appeared because of al- 

| .f ^m&duuaj ° ha ^ bumin present, in the sweat. 

__epidermis 11,0 ^bciry glands of Moll , that are 

>! / ^ Ibe center of trouble whenever a sty 

V.j! formed, arc modified t ubular glands. 

/ (e) Sebaceous Glands. - While tubu- 

, .’ill. Jr* ' ^ 

: \jt: 7 ; j ,r ^ t lar glands are confined to mammals, 

;.u% j | J :\alveolar glands of various kinds occur 
?SA i:i : 1 > v " not only in the mammalian skin but 

*'#■ f ‘ r ! \ 

■ • ' ' .1 • .i i • i i i_.1 _ 


_ *1 _c«->s',>;n also in the skin of other land verte- 

\ ‘ brates as has already been noted. 

’■j * *-p^piiici I he most universally distributed 

y. of the niainmalian alveolar glands are 

sebaceous glands which produce an 
Fig. i:4. Stricture of a hair. (> j|^ secretion (sebum), usually in con- 
(Mkr llalltr.) neclion with hairs (Fig. 131), al¬ 

though they are also found independent, of hairs at the edge of the 
lips and about the genitalia, where the skin passes over into the 
mucous membrane. On the lip of the nose, particularly the bulbous 
noses of the indulgent, middle-aged type, the openings of the free 
sebaceous glands may be seen as tiny pits, marking the locality 
of ancestral hairs that have been lost in the evolutionary shullle. 

Sebaceous hair-follicle glands number frequently two or three to 
each hair, opening into the pocket from which the hair shaft pro¬ 
jects, rather than directly upon the surface. The size of sebaceous 
glands is not in relative proportion to the size of the hairs with 
which they are associated. They frequently become enlarged in 
the absence of hairs, which suggests that their primary function is 
not so much concerned with oiling the dry hair, as is commonly 
assumed, as with providing the surface of the skin with a filmy 
coaling of oil. 


-■ --Cv^i'i /.n 
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The two-toed sloth, C holoepm; the. Cape mole of South Mfica, 
Chrysocldoris; the. scaly anteater, or “pangolin,” Munis; and the 
watcr-inhabiling sirenians and cetaceans, already riled for their 
lack of sweat glands, are equally deficient, in sebaceous glands, 
although the first two are abundantly hairy animals. 

(/) Other Alreolar Integumentary (Hands.— Along the edges of the 
eyelids there is a line of modified sebaceous glands, not to be con¬ 
fused with the tubular “ciliary glands of Moll," called the Meibo¬ 
mian glands I Mg. 1*12) which produce an oily film across the exposed 
part of the eyeball between the edges of the eyelids and the eyeball 

itself, a Jilin that retreats and advances with every wink. This oil 

« 

seal ordinarily retains it film of tears which constantly moistens the 
surface' of the eyeball. In the rase of 
weeping (he oily dam is broken by the 
flood pressing from behind, and tears 
trickle down the checks (Fig. 1.1.1.) 

Another kind of integumentary 
alveolar glands is associated with sex¬ 
ual activity in various mammals. 

These struct ores should not be eon- ( 

\ 

fused in an\ wax with the so-called 

• » 

primarv “sex glands" which produce ^ lv r .1 

eggs and sperm, since l-hrv an* deriv- evolution of ihr larrmml glands, 
atives of the epidermis having usu- n * ]vj-iti<»n in amphibian*. I>, i 
ally onlv a lubricating function in 


\ 




irj Iilrs and birds; <, 


So nrlim<-> in man t hi* larnmal 

eon need ion with the genital organs, gt? nds are found lorntrd in the 
Examples of such glands are the “1 ” jh> sition. (After Wicdrrs- 

prepulinl and mini I glands in the male 11 m 

and female respectively, and scent glands which act as an allure¬ 
ment lo !he opposite sex. These latter glands are usually located 
near the anus, as in the musk deer, beaver, civet rat, dog, fox, 
and skunk. The scent glands between the toes of goats, whatever 
their effect on humankind, may have a meaning for the goats 
themselves. 

In the external ear passages of most vertebrales are found the 
ceruminous or w<jjc glands , which in form show affinities with the 
tubular type but in funct ion resemble sebaceous glands, since they 
produce a gummy or waxy secretion more like oil than sweat. 
They serve to arrest dust particles, and to discourage adventurous 
crawling insects that might otherwise be tempted to invade the 



22 % 


BIOLOGY OF THE VERTEBRATES 



sacred precincts of the ear, a function not so apparently needful 
in the case of man as of a do# sleeping in the sunshine with a halo 

of busy insects buzzing around its head. 

(j g) Mammary Organs .—Of paramount impor¬ 
tance in the life of mammals are the milk glands 
which characterize this order of vertebrates. The 
mammary glands, although resembling the necro- 
biotic sebaceous glands in structure, are interme¬ 
diate in method of secretion between sweat and 
sebaceous glands. Their derivation in all prob¬ 
ability should be traced not to sweat or sebaceous 
glands, but to some common ancestral type less 
Fir r>< Sagit dillcmiliated lhan either. Their activity is 
t.al section of* the periodic instead of continuous and, for the most 
mammary gland part, finds expression only in the female. 

through the nipple. r pj ie mammary apparatus includes not only 
(After Jtadaseh.) , , , , 

the mammary glands themselves, but also the 
elevated nipples , that furnish an outlet for the glands, and breasts , 
or mammae , which are integumentary swell¬ 
ings produced by t he localized presence of the 
enlarged mammary glands in the skin (Fig. 

156 ). 

The normal number of nipples varies from 
two in the horse, bat, whale, elephant, and 
man, to twenty-live in the opossum, Didelphys 
henseli (Fig. 157). Carnivores usually have 
six or eight; rodents, t wo to ten; pigs, eight to 
ten; and ruminants, four, in those species 
where several young are born in a litter there 
is a corresponding provision in the number of 
nipples. 

The numfter of duds per nipple that drain 
the glands is also subject to considerable vari- delphys henseli. (From 
ation. In mice, ruminants, and insectivores, W^er, after 0 . 
there is only one; in the pig, two or three; and j omus ^ 
in carnivores, three to six. In man there is a cluster of about 
twenty separate ducts opening into each nipple. 

Milk, which is secreted by these glands, is the natural food of 
young mammals. It is composed of water derived from the blood 
stream, butter-fat, milk-sugar, albumin, and certain salts in vary- 
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ing proportions, as indicated by the analysis of von Bunge in the 
accompanying table: 



Albumin 

Fat 

Milk-sugar 

Ash 

Man 

1.6 

3.4 

6.1 

0.2 

Dog 

7.3 

11.9 

3.2 

1.3 

Cat- 

7.0 

4.8 

4.8 

1.0 

Guinea pig 

10.4 

16.7 

2.0 

2.5 

Pig 

5.1 

7.7 

3.3 

0.8 

Horse 

2.0 

1.2 

5 7 

0.4 

Cow 

3.5 

3.7 

4.9 

0.7 

Goal 

3.7 

4.3 

3.6 

0.8 

Sheep 

4.9 

9.3 

5.0 

0.8 

Heindeer 

10.4 

J7.2 

2.8 

1.5 

Camel 

4.0 

3.1 

5.6 

0.8 

Llama 

3.9 

3.1 

5.6 

0.8 

Dolphin 

7.6 

43.8 

— 

0.5 


Albumin in milk favors rapid growth of the young. The milk 
of a reindeer, which lives in a habitat where it, is desirable for the 
young to attain enough maturity to care for themselves as soon as 
possible, has a large albumin content. The guinea pig whose milk 
contains approximately ten per cent of albumin doubles its weight 
after birth in six days, while I lie human infant feeding upon milk 
w T ith less than two per cent of albumin, requires 180 to 200 days in 
which to double its weight. Other factors than the kind of milk 
enter into this difference in rapidity of growth, but the fact is 
apparent that different kinds of milk are adapted in nature to 
different requirements. 

Where selective breeding for milk production has been practiced 
for a long time, as in domestic cattle, it- is not unusual to find a 
cow which in a single year produces as many as fifteen times her 
own weight in milk. The V. S. Department of Agriculture reports 
an average yield per cow for a recent year to be over 4000 pounds, 
which, taken with the record of a former world’s champion milk- 
producer that gave 161.4 pounds in a single day, shows the enor¬ 
mous potential output from mammary glands. 

These glands may develop in various places on the mammalian 
skin. Instances are recorded in medical literature of the abnormal 
occurrence in human beings of mammae under the arm pits, on the 
shoulders, and even upon the hips. Their normal distribution in 
different species of mammals, however, holds a definite relation to 
the accessibility of the nipples to the suckling young. Thus in 
carnivores and swine, which attend to their nurslings while lying flat 
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on the side, I lie** nipples are arranged in l wo rows along the ventral 
side of (lie body. Quadrupeds in contrast habitually stand while 
nursing their young, and consequently I lie nipples are in a protected 
situation between the legs, either anterior as in elephants, or poste- 



Fio. I :>« Till' II > iiiir Irtmir. (ialen- 
pillicnis. olKpiing lil«•!islly ding 

(or drar lil«» to the liirsi^K of their 
floppy motlieis.” (Alter Hil/heimer.) 

at a distance the intimale amily 
Lures. 


rior as in cattle and horses, 
while I he nurslings brace I hem- 
selves on si ill.like legs as they 
drain the maternal udders. 
\rboreal animals that hold 
lheir “babes in arms" have 
conveniently located pectoral 
nipples. Mankind, with a prob¬ 
able arboreal ancestry, also has 
pectoral nipples. The gro¬ 
tesque sea-cows, which enfold 
their single oilspring between 
I heir anterior flippers and 
“stand" with the head ele- 
\aled out of the water, like¬ 
wise have perioral nipples. 
This circumstance has no 
doubt contributed to the mer¬ 
maid myths among sailors 
who have chanced to glimpse 
life of these rare strange crea- 


l nlike the young of the sea-cow, the baby whale (Fig. 71) is a 
marine "trailer," for the maternal nipples from which it serines 
milk while navigating the high seas arc situated far posterior on 
either side of the sexual orifice entirely out of the mother's sight, 
in pockets which fit over the snout of the baby w hale in such a way 
as to minimize the chance of the milk becoming too much diluted 
with salt water. Incidentally it might l>e useful to call the alien- 
lion of Dairy Associations to tin* percentage of lmtler-fat in whale's 
or dolphin's milk, as displayed in von Bunge's table. 

The opposile extreme to the position of nipples in the cetaceans 
is found in the topsy-turvy bats and flying lemurs (Fig. 158), 
whose offspring literally “cling for dear life” to the breasts of their 
aerial mothers, the accessible nipples of which are axillary in loca¬ 
tion, or under the arm pits. 



A JACK OF ALL TRADES 


227 



The development of the mammary apparatus is initiated by the 
formation of an epidermal ridge down either side of the belly from 
axilla to groin, called the milk-line stage (Fig. 159). It appears in 
man near the beginning of the second fetal month when the em¬ 
bryo is still less than half an inch in length. The 
milk-line stage is succeeded by the milk-hill stage 
(Fig. 160), which results when the epidermal ridge 
of the milk-line becomes absorbed except for a 
beadlike row of remnants, each one of which 
marks the possible location of a future mammary 
gland. These tiny milk-lulls are compact masses 
of cells that later sink down into Ihe underlying 
tissue, leaving no visible trace of the developing ^ ^ 

mammary apparatus. The double, row of de- ^ilk-lino in 

pressed “hills/’ thus embedded in the corium a pig embryo nf 
becomes the milk-field stage . /Vs the leveled hills , rm - (^Oor 
of Ihe milk-field stage sink still deeper and be- () * -) 

come valleys, there is formed where the hills formerly were a 
double row of pits along I Ik* lateral walls of the belly, converging 
posteriorly from the anterior region. This represents Ihe milk- 

pocket stage (Fig. 1(>I, (’). If is the cells that line 
the sides and bottom of these milk-pockets which 
directly give rise to the mammary glands. 

In forms that, do not have two complete rows 
.( v —^ j of nipples, some of Ihe pockets fail to develop. 

/ A In man, for example, it is Ihe fourth pair of em¬ 

bryonic milk-pockets at. the anterior end that 
become the permanent mammae. 

The final differentiation of the mammary ap¬ 
paratus takes place when the milk-pocket stage is 
Milk-hill Stage ill succeeded by the nipple stage. According to the 

a pig embryo of two ways of their formation true and false 
1.9 c ni. (Alter j • . • *fj a *i 

() Sehultze) nipples arc distinguished. Among marsupials, 

rodents, and primates the floor of the milk-pocket, 
into which the duels of the mammary glands open, elevates, carry¬ 
ing the elongated ducts of the milk glands with it, thus causing 
them to open at the tips of the true nipples . In the case <A'false 
nipples , which characterize pigs, carnivores, horses, and ruminants, 
the floor of the milk-pocket with its ducts remains unelevated, while 
the margins of the pocket pull up all around to form a hollow 



F[ci. 160. 
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nipple. There is llius formed a secondary tube or extension up¬ 
ward of the milk-pocket itself, called the milk-canal , into which 
lhe mammary glands pour their secretion, to be pumped to the 
tip of the false nipple. 

The mammary apparatus develops equally in both sexes up to 
the time of puberty, when it degenerates in the male and becomes 




Fhj. 161. Development of the nianiiiiury glands. /I, diagrammatic cross 
section through the milk-line (Fig. l.V>); /$, I he epidermal milk-line, alter break¬ 
ing up into a chain of isolated milk-hills (Fig 160) has sunk down into the ce¬ 
rium (dolled) and is no longer apparent externally, thus forming the milk-field 
stage; the levelled area, wheie the milk-hills were, becomes depiessed, («, form¬ 
ing the milk-pockel stag**. Tin* sunken epidermal plug penetrates still deeper 
into the curium, giving rise to the mammary glands. I), preliminary indiffer¬ 
ent milk-pocket si age, with the two longer arrows indicating the direction of 
epidermal growth that results in the formation of a “false nipple.” while the 
short arrow shows how the “true nipple” forms; E , false nipple, with duets of 
the mammary gland opening at the bottom of a milk-canal; b\ true nipple, 
with the mammary duels opening directly at the tip. 


potentially functional in the female. The male may produce milk, 
as in the primitive rnonotreme Echidna , and also in exceptional 
instances among higher mammals, even in man. Such abnormal 
behavior is termed gynecomastism. 

In man as well as oilier mammals, extra nipples ( hypcrthelism) 
(Fig. 162) not infrequently occur, as also do extra breasts ( hyper - 
masfism) (Fig. 163). Such persistent embryonic relics, particularly 
in Ihe case of hypcrthelism, occur quite as often in males as in 
females. Usually these supernumerary nipples are arranged along 
the vanished embryonic milk-line. 
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Fig. K>2 11 yjM‘r11i(»lisin. 


The mammary apparatus of monotremes presents many excep¬ 
tions to that of other mammals. Instead of being alveolar in form 
the mammary glands are branehed-tubulur, producing a sort of 
nutritious sweat instead of the usual 
milk (Fig. 16 I). l\o nipples are present, 
tufts of hair serving in their stead. The 
young mono!reme does not ha\e mus¬ 
cular lips and is further handicapped by 
a horny beak. In consequence it is quite 
unable to suckle, so it licks the nutri¬ 
tious sweat from the makeshift tufts of 
hair on the mother's breast, with its 
protrusible longue. The skin on the 
belly of Echidna forms a temporary 
pouch, or incuhalorifWL that surrounds 
the mammary area while the young are 
being cared for. Into this pouch is de¬ 
posited the single leathery-shelled egg, 
which soon hutches into a \er\ pre- Tlim* supernumerary nipples 
mature helpless embryo, there to un- an ‘ s l‘ mvn - (Fn>m Martin, 
derpo the preliminary peril.s of early pl'«-«<^.oph J, Y Molli- 

development which other mammals 

accomplish in greater safely within the protective uterus of the 
mother. 

iv\ en an ineubatorium is lacking in Ornilhorhynclmx , w hich broods 
its egg in a hole in the ground that serves as a nest. The ven¬ 
tral mammary area is depressed, 
as in the milk-pocket stage of de¬ 
velopment, and from the depres¬ 
sion tufts of hair project, which 
serve as nipples, it is probable that 
gynecomastism occurs in both 
Echidna and Ornilhorhynchu.s with 

Fig. ]63.~ A < of liypprinastism. bolli parents sharing in the feeding 
(AfUr Hanscniunn.) 4) f || H > yomif. 

Most marsupials regularly possess a permanent pouch for carry¬ 
ing the immal ure young (Fig. 51, 15), although between incubations 
it may decrease somewhat in size. In the Didelphyidae to which the 
opossum belongs, the marsupium, or pouch, is mostly wanting or 
represented by two insignificant folds of skin. True nipples are 
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present within the rnarsupium and typical milk glands supply real 
milk. The nipples project, however, only during lactation. At other 
times, like a disappearing gun, they retract within a surrounding 

pit in the skin. The young marsupial re¬ 
tains its hold on the nipple within the 
enveloping edge of the rnarsupium by means 
of powerful muscles around its mouth 
(Fig. 515). At first the young animal is 
so helpless that it can only stay passively 
attached to the nipple, and it is necessary 
for the mother to pump the milk down its 
wailing throat by means of the contraction 
of breast muscles. Later, as it becomes 
able to use its own muscles and nerves, 
it feeds itself as ordinary mammalian young¬ 
sters do, by its own efforts. 

Young marsupials, even after they at- 
tain considerable size and have gained 

ot Echidna , with tin* skin 

loosened on one side to degree ol independence, are glad to 

show ihe mammary retreat into the maternal rnarsupium on 
glands. (After Sen,on.) U)0 apl)r(>a( .|, of darker. 

In placental mammals the marsupial pouch disappears, since 
the fetus is cradled in greater safety within the uterus until at birth 
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Fro. 165.—Reronslruction of transitory epithelial structures around the 
uiainmarv glands in the skin of a human fetus 56 days old. The doited cir¬ 
cles represent the area where tin* budding arms joined lhe body. The two 
large black dots arc the epidermal “milk-hills" that are to gi\e rise to the 
mammary glands, and which locate the position of I he future nipples. The 
twenty-one smaller black dots arc epithelial thickenings around the nipples, 
which may he the vanishing remains of ancestral marsupial pockets. (From 
Walter, in Anut. Anz. WIl. 1602). 


a stage of development has been reached that makes bodily protec¬ 
tion on the pari of the mother less imperative. There are, however, 
certain dim vanishing reminders of a marsupial pocket around the 
nipple even in I he human embryo, for at about the beginning of 
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the second fetal month, when the future mammary apparatus is 
being set up, there develop around the milk-hills transitory epithe¬ 
lial thickenings that possibly represent the last remnants of an 
ancestral rnarsupium (Fig. 165). 

The long period of obligatory milk-feeding among the higher 
mammals not only allows ample time for more extended develop¬ 
ment of the young but is also a necessary preliminary to the in¬ 
valuable process of learning through prolonged association with 
the parent. This opportunity is denied to all those unmothered 
kinds of animals that are born equipped with instincts which make 
it unnecessary for them to learn how to live. The dominant mammals 
are fortunate because they must work out their salvation by 
learning how , and have been endowed with the capacity to do it. 



2. SCALES 

(a) Fishes .—While every class of vertebrates except cyclostomes 
has some representatives with a scaly skill, the presence of scales 
may be regarded as the most notable modification of the integu¬ 
ment of tishes and reptiles. Whenever lishes lack scales, as for 
example many Siiuridae and certain bottom-feeding forms, it is to 
be regarded as a secondary modification and not the primary 
ancestral condition. Even in the 
case of t lie apparently naked eels, 
tiny vanishing scales appear for 
a time in the embryonic stages. 

There are at least four general Kkj. 166. A restoration of an 

kinds of fish scales of parlicillar armored ostnioodmn Plerichthys , 

. , . . .1 . • from the Devonian in Scotland, 

interest to the comparative ana- ..... , r . N 

1 (Alter lraipjair.) 

tomist, namely, placoid , ganoid , 

cycloid , and ctenoid , not including bony dermal plates that reached 
a high degree of elaboration in extinct, ostracoderms (Fig. 166), 
and other armored fishes of early geologic times. 

The most primitive fish scales are placoid , appearing first in the 
ancestral sharks (Cladoselachia) of the Upper Devonian times, 
and found today among selachians generally. I n structure a placoid 
scale consists of a flat, basal plate originating from the corium 
and embedded in the skin, and usually carrying a spiny projection 
of toothlike dentine capped with hard enamel. 

The obvious transition in both structure and position from 
placoid scales of the skin on the outside of the head, to the rows of 
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.Skin 


jaw, l\ T u Tu i<*s(T\c troth. (Drawn by 
K. L. Bunion.) 


teeth within t.lie inner margin of the shark’s jaws is so continuous 

and unmistakable that teeth may be regarded simply as modified 

placoid scales (Fig. J67). The basal dermal plale of the scale 

corresponds lo the cement layer of the tooth, while the projection 

of dentine and its enamel 

cap are quite like similar 

ft 11 _Skin c ... , 4 . 

\ ' iamiliar parts ol a typi- 

cal tooth (Fig. 107). 

TZ 10 -Flaccid scales in dog- 

"^ bot ^ t |||| 5C#,e fi- s hes and sharks are usu- 

.4K ally small and c losely set 

^ 4l , ri,. without actually overlap- 

h(i. 167. - Diagram o( the edge ol n shark s . 1 

jaw, to show the relation of plaeoid scales and piBg, although IllC'ir back- 
teeih. T.. loolh in service ni lla* edge of ihe ward-projectingenameled 

k'Y liurL,)" M ' M ' rW ' { ‘' <ah ’ (,>raW " hv spines nid in ellVrling 

protection of the spaces 
of bare skin between the embedded scales. Before the. invention 
of sandpaper and emery cloth, the rasping “shagreen" skin of 
dogfishes and sharks, which is covered with sharp, thick-set 
placoid scales, was frequently used by cabinet makers for putting 
the final smooth finish on wooden stir- \ 

faces. Quite large placoid scales equipped \ 

with jagged spines appear in skates and rays \ 3, V \ 
and are often localized in certain exposed \ " v \ 

areas, as down the median line of Ihe back, \ V \ \ 

leaving scaleless patches of skin unpro- ^ * \ 

tected. x 

(iunoid scales of considerable diversity } (} !*' . (,nno, d 

... ' soilcsol Lc/nsuxlcu,s. 

are Hie common characteristic leal lire that Three of them an* perfo- 
stamps the order of ganoid fishes. The few ™t<*<i with openings to 
genera of ganoids living in fresh waters thr lal<Tal llIH ‘ or " ans - 
today are the last survivors of a large populous and diversified 
order of fishes which once ruled the Devonian seas. Their scales 




a \ 


furnish a variety of form and structure out of all proportion to 
the number of species involved. In the sturgeon, Acipenser, for 
example, they are large isolated bony scutes, not entirely cover¬ 
ing the skin but located in exposed situations on the body where 
there is the greatest wear and tear, like the rows of brass-headed 
nails decorating the edges of great-grandfather's chest. 

In the garpike, Lepisosleas (Mg. 168), on the other hand, as 
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well as in the related forms Calamoichthys and Polypferus , the 
scales are hard polished rhombic plates fitting edge to edge, or 
very slightly imbricated one over the other, thus forming a com¬ 
plete armor, while in the bow tin Amia they overlap after the more 
modern fashion of the scales of bony iishes. The skin of the spoon¬ 
bill sturgeon Polyodon is almost entirely without scales. 

The scales of fossil ganoids are quite large and platelike, just 
as in living survivors of the group where scales that cover the head 
sometimes become enlarged into dermal scutes which take part 
in the formation of the investing skull bones. 

In all ganoids except Amia, the outer sur¬ 
face of the scales is composed of ganoin H a hard 
glassy substance secreted by the curium, not 
at all homologous w ith I he ectodermal enamel 
that caps piucoid scales. The main underly¬ 
ing part of ganoid si‘ales is made up of 
isopedin , a connective tissue substance in 
which hone cells are embedded and which like 
bone is penetrated by Haversian canals con¬ 
taining capillaries. 

Jn the scales of the. \frican dipnoan, Aeo- 
ceraiodus , Haversian canals and blood vessels 
are absent from the isopedin layer and the superficial ganoin is 
replaced by a layer of cosmin, a substance that, is different both 
from the ganoin of ganoid scales and the enamel of placoid 
scales. 

Louis Agassiz distinguished two kinds of scales in teleosts, 
which he named cycloid and ctenoid. Cycloid scales, as the name 
indicates, are rounded in shape (Fig. 100) and thicker in the cen¬ 
ter, thinning out towards the margin. T hey overlap like shingles 
and if spread over a surface like ganoid scales edge to edge, would 
much more than cover I he body. They are, however, embedded in 
pockets of the curium with only a part of the outer smooth margin 
exposed. Since they project diagonally at an acute angle with the 
surface of the skin, and overlap their neighbors, the entire body is 
protected by at least a double thickness of scaly armor at every 
point. 

Ctenoid (comblike) scales are also rounded in form but. with a 
toothed edge in addition projecting posteriorly along the outer 
margin (Fig. 170). All intermediate types between the cycloid 


Fa;. C!\cloid 

s*’hIi' of a salmon 
show in^ lincs of 
growth. (Al lrr 1 Irssc ) 
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Kies. 170.—Gle¬ 
noid scale. (After 
(). Ilertwig.) 


and the ctenoid stages are to be found, in some fishes, as for 
example certain flounders, the scales on the upper side are ctenoid, 
while those on the under side are cycloid. Of these two types the 
cycloid scale is the more primitive, occurring lirst in the fishes of 
the Jurassic Period, while the ctenoid type did not appear until 
Cretaceous times. 

Both cycloid and ctenoid scales are entirely dermal in their 
origin. The scleroblasls , or scale-forming cells in the corium, lay 
down two layers of different substance in the formation of a scale. 
The outer layer is homogeneous and bony, while the under side is 

fibrillar and contains calcareous deposits. Sucli 
scales increase in thickness and area by the ac¬ 
tivity of the scleroblasts, successive additions 
being indicated by concentric lines of growth 
like similar rings of growth exhibited in the cross 
section of a tree trunk. Inasmuch as periods 
of growth alternate with comparative inactivity 
in the case of most fishes, according to the sea¬ 
sonal variation of their food supply, it is pos¬ 
sible to estimate the relative age of a fish by an examination of 
the diary-like lines on its scales. 

In addition to marginal lines of growth, certain radial grooves 
are also present, caused by the failure of the outer homogeneous 
layer of the scale to be deposited in these places. Such radial 
grooves add somewhat to the flexibility of the individual scale, 
a very desirable feature since teleosl scales, although thinner 
than the edge-1 o-edge ganoid type, by reason of their shingling 
arrangement, form a double envelope over the underlying muscles 
that tends to hamper free movement . 

Some teleost fishes, for example, the pipefish Synynalhus , and 
its curious relative, the seahorse Hippocampus, do not have over¬ 
lapping scales hut instead are encased in a cuirass of bony plates. 

(It) \mphil)ians .—Scales in all modern amphibians are absent, 
with the exception of the tiny bands of scutes embedded in the skin 
of the tropical legless caecilians (Fig. ] V.\). 

The extinct stegoccphalans that flourished in Devonian times 
were characterized by bony plates in the skin, particularly on the 
ventral side of the body, but it is somewhat doubtful whether these 
problematical fossils should be reckoned as the ancestors of true 
amphibians, whose fossilized remains do not begin to appear until 
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as late as the Carboniferous Period, some time after the last of the 
stegocephalans had vanished. 

(r) Reptiles .—Reptiles like ganoids are represented (oday by 
only a few divergent specialized types, namely, lizards, snakes, 
turtles, crocodiles, alligators, and Sphenodon . Superficially quite 
unlike each oilier these survivors agree, so far as scales are con¬ 
cerned, in the predominant part that the epidermis plays in their 
formation. Small dermal plates or ossicles of dermal origin, sunken 
in the corium and spaced with much regularity, are present in most 
reptilian species, although many lizards and snakes lack them. 
When present they are covered over by a continuous layer of 
epidermis in which the dry outer corneal part becomes thickened 


or embossed wherever it covers an ossicle. 


It. is thinner and more 


flexible between the thickened parts or scales of the epidermis, 
thus allowing some freedom of movement (Fig. 171). Even in a 



Fig. 17L- Diagrammatic long section through reptilian scales. 1), bony 
dermal plate embedded in corium; cu, corneal layer, forming I he continuous 
external scales: co, corium; in, Malpighiun layer. (After Boas.) 


skin without ossicles the, corneum thickens into epidermal scales 
that hang together in a continuous sheet. Thus they form an un¬ 
broken armor in which the scales cannot be scraped loose, as may 
the separate independent dermal scales of teleost fishes. 

As already mentioned the entire dry corneal part of t he skin of 
snakes periodically loosens and is cast off. Such is not. the pro¬ 
cedure with turtles and alligators, for in these animals the corneal 
scales that overspread the dermal plates in the skin are discon¬ 
tinuous and the demands of increasing size are met by concentric 
marginal increments of growth which are added to each scale. 
The highest development of this underpinning of ossicles is reached 
in the armored turtles, although some of the extinct dinosaurs were 
“fearfully and wonderfully made” with respect to dermal scales. 

Many reptiles, like the “horned toad ” Phrynosonm, and Spheno¬ 
don and the alligators and crocodiles, exhibit spines or embossed 
patterns on the epidermal scales, while (he head of a snake, which 
has to poke about between obstacles, is entirely ensheathed by 
large platelike scales, with the sense of touch that is thereby 
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excluded from the surface of the head transferred lo the delicate 
protrusible longue. 

(</) Birds .—There is very little lo say about scales in the skin 
of birds, since av ialion has no use for such heavy clumsy structures. 
Only on m{feathered areas, such as the shanks and around tlie base 
of the beak, is the epidermis thickened and eornified into a sem¬ 
blance of reptilian scabs, and nowhere do dermal ossicles occur 
under corneal thickenings. 

(c) Mammals. Seales, although generally replaced by hairs in 
mammals, still persist in a number of instances. 

They are large horny and imbricated in the scaly anteater, 
Mams (Fig. 61, \), although absent on the ventral side of the 
body. During eedysis they are shed and renewed singly, in 
armadillos no eedysis occurs but growth is accommodated within 
the shicldlikc armor by marginal accretion of the separate scab's as 
in turtles. Areas of bare skin between ihe rows of stales permit 
Ihese animals to roll (ip into a ball for the purpose of defence. 
Their fossil forebears, the giant ghplodons of South America, 
could not roll up, but their thick fused scab's made such an im¬ 
penetrable barrier, like that of a war tank, that they must have 
been practically carnivore-proof. The fad that I ell I ale hairs pro¬ 
ject between I he scab's of armadillos proclaims them to be mam¬ 
mals, although bearing a “wolf s clothing” of scales. 

A great variety of mammals have scaly tails reminiscent of earlier 
forebears, the beaver, rat. mouse, opossum, mole, shrew, and cer¬ 
tain lemurs. Scab's even appear on the back of the paws of moles 
and shrews, and it will be remembered that the Ictus of the brown 
bear (Fig. I 13) testifies to some sort of a scaly pattern in the past 
by developing transient useless embryonic* scales over the back. 
There is little lo show that mammalian scales are derived either 
from the separate derma I scales of lishes or the continuous epidermal 
thickenings of reptilian skins. Such structures of unknown deriva¬ 
tion are termed ncomorphs. 


3. llOBlNS 


The earliest known horns appeal* as bony project ions on the heads 
of certain ceralopsid dinosaurs whose skeletons have been recovered 
from the (Iretaceous beds of iNorth America. For instance, Tricera- 
lops , as its name indicates, sported a horn over each eye and a 
third one on its nose (Fig. 33, F and H). Even among modern 
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reptiles there are a few rare bizarre lizards with nose horns, for 
example Charnaeleon oweni and Cerafophora sloddaerti (Fig. 172). 
The “horned toad,“ Phrytwsoma, of our southwestern desert re¬ 
gion. also a lizard and not an amphibian as its 
name would imply, is another reptilian spe¬ 
cialist in horns on Ihe head. Aside from these 
few eases of horned lizards, horns are peculiar 
to mammals and are coupled with hoofs that 
characterize the order of ungulates. 

In early Triassic times certain ungulates |, if; | 72 -flcadof 
that lived in Worth America outdistanced a male li/anh Ccmlo- 

dinosaurs in the number of their horns. Dinar- slotUaerh, with 
.. - ii-i i .a horn on its snout. 

eras, tor example, had six large horns on its i> sirV \in.) 

head. It is probable that these conspicuous 

bony projections were capped over by horny sheaths, although 

positive evidence is not furnished by the fossils of these animals. 

There are four general kinds of ungulate horns known today, 
namely, keratin-liber horns, antlers, pronghorns, and hollow horns. 

(a) Keratin-Fiber Ilorns, —Keratin-fiber horns are made up of 
hairlike keratin fibers produced from the corneal layer of the epider¬ 
mis and cemented together in a bard compact mass. They are 
entirely epidermal and have no bony core. 'The Indian rhinoceros 
carries one of these horns on its “nose," as its name indicates 



Fig. 173.—-The growth of antlers. A, April 2: 15, April 20. (From Stone and 

Cram.) 


(rhino, nose; ceros , horn), while the African rhinoceros has two, 
arranged tandem-fashion instead of side by side in the conventional 
way of paired structures. 11 is reported t hat Hos triceros, one of the 
kinds of native African cattle, also has a median horn of this 
curious type, as its species name indicates. 
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(b) Antlers .— Antlers are commonly borne by the various repre- 
sen tali ves of the prolific and diversified deer family (Cervidae), 
ordinarily only by the males, but in the case of I lie reindeer, 

Hangifer , by both sexes. They consist 
of bony outgrowths from the skull, 
which at first, are entirely covered 
over by hairy skin. While in that 
condition a stag is said to be “in 
velvet" (Fig. 173). Later the skin 
dries and becomes rubbed oil’, leav¬ 
ing the antlers as unadorned bone, 
at which time it is incorrect to in¬ 
clude them among in tegumental struc¬ 
tures. At the end of tho second year, 
before the mating season, the antlers 
weaken at the base next to I lie skull 
by the breaking down and absorption 
of some of the bony tissue, and are 
broken oil*. The surrounding skin 
grows over the wound thus made and 
a new pair of antlers “in velvet” 
grows out (Fig. 174), this time with 
an additional prong. Thereafter each successive breeding season 
is celebrated by new r antlers, usually with a regular increase in the 
number of prongs (Fig. 175). 

This physiologically expen¬ 
sive process of shedding and 
renewing the antlers does 
not occur in castrated bucks, 
which is evidence that, it is 
determined b> the secretion 
of sex hormones. The ant¬ 
lers of the fossil Irish elk 
that once roamed the bog- 
lands of Ireland grew to an enormous expanse, as if they got 
started and could not stop. Doubtless their excessive size was a 
factor in the extinction of this ancient animal. 

That “fantastic deer,” the giralfe, has a stubby pair of single 
antlers that are permanent, and remain in velvet throughout life 
(Fig. 64, K). 


Fio. 174.--Diagrams show¬ 
ing how antlers are shod. 
(After Nitsche.) 



Fio. 175.—Rig antlers of a moose. (After 
Stone and (’ram.) 
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The lateral prongs of the reindeer’s antlers (Fig. 65, A) are 
greatly flattened, serving as snow-shovels to aid these arctic dwel¬ 


lers in getting at the snow- 
covered “reindeer mosses” 
on which they feed in win¬ 
ter. 

(c) Pronghorns ~-There 
are two species of ungulates 
with pronghorns. They are 
the pronghorn antelope, 
Antilocapra americana (Fig. 
176, and 65, F), and the 
“saiga antelope” of the 
Russian steppes, Coins tata- 
rica , bo ill of which possess 



Fig. 176.—Antler formation in the prong¬ 
horn antelope. Anhlocapra. 1. appearance 
shortly alter shedding the antlers; 2, later 
stage, with a new epidermal “thimble” 
forming with an extra prong; 3, old antler 
tij) midy to In* east off, with new Ihimhie 


permanent bony antlers already formed within. The bony core of the 
covered with a thimble-like m 1>lack ' (Mu ‘ r 

sheath of horny integument 

that is periodically shed and renewed without the loss of the bony 


core. 


(d) Hollow horns. —Finally, the most familiar kind of horns are 



Fig. 177.- Three stages 
in the formation of a hollow 
horn of a young lamb. I 
frontal bone, f.b., with t he os 
cornu , o.o., or bony core o 
the horn appearing; 
horny thickening over the 
os cornu beginning to be 
formed; 3, the hollow horn 
definitely established and 
the os cornu fused with 
the frontal bone of the 
skull. (After Brandt.) 


the hollow horns of domestic and wild 
catlle, sheep, goats, and antelopes, which 
are usually present in both sexes. 

Unlike pronghorns, hollow horns are 
strictly epidermal structures that are not 
periodically sited. As the horn wears 
away it is renewed from the Malpighian 
layer of the epidermis, just as any other 
dead corneal structure is reslored from 
within, the hollow corneal layer fitting 
over a core of living bone attached to 
the frontal region of the skull (Fig. 177). 

llollow horns do not branch like ant¬ 
lers and pronghorns, but they assume 
a considerable variety of forms all the 
way from the majestic graceful spread 
characteristic of the Texas steer of the 


range, to the “cow with the crumpled horn.” Polled, or hornless 
cattle were known long before cattle were domesticated by 
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mankind, as shown by rude drawings of Palaeozoic polled cattle, 
depicted on the walls of prehistoric caverns of the cave dwellers 
in France and Spain. 

4. DIGITAL TIPS 

With the exception of the amphibians, the tips of the digits in 
those vertebrates that ha\e lingers and toes are reinforced by hard 



4, man; .* hsi*V* hoof. (’oi . <nrn<Miin; Mai., Malpighian la>(T of epidermis; 
I 1 , tjngui Mihmiguis; P, pa«l; 2a a a, \antral \ irws of corn*spori<lin$. long 
sim*I ions ' n in 2 a. (Allrr Biitschli ) 


integumentary structures, either claws, nails, or hoofs. Although 
amphibians do not have true claws, a thickening of the epidermal 
corneal layer at the ends of the lingers and toes is a prophecy of 
claws to come later in the vertebrate series. In llie African load 
Xenopus, and the Japanese salamander Onychodacfyhis, these epi¬ 
dermal thickenings assume the deliniteness of actual claw r s on 
some of the digits. 

(a) ('Jaws. The typical claw of a reptile (Fig. 178, 1), may be 
regarded as being made up of two scalelike horny plates, dorsal and 
ventral, so placed as to converge to a point at the end of the digit. 
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Fig. 170. - Young ho- 


The convex dorsal plate, unguis , is rounded in two directions, 
towards the tip and towards the lateral margins. The smaller 
ventral plate, subunguis , which is pinched 
in between the lateral edges of the unguis, 
is more flattened and of a less dense (ex- 
ture. Both structures are produced entirely /?> ? 
by the Malpighian layer of the epidermis. 

In most cases the claws of birds are con¬ 
fined to the toes, although Archaeopteryx , 
the oldest known bird, had three finger- 
claws on each wing, while some existing 
types of running birds (Balitae), have 
claws on the degenerate first and second 

fingers. The young hoaclzin, Opislhocomus , climbing a tree by 

p i>*i* i /■* * i i i *, means of claws on wings. 

of British tiuiana, also lias claws on i s fKe . , % * 

’ (A Her Lucas.) 

wings which enable il to venture from the 

nest and scramble about in trees on “all fours' 1 like a lizard 
(Fig. 170). 

In general pattern I he rimes of a bird are reptilian, although 
assuming a wide variedy of forms adapted to correspondingly 

different functions. The 
sharp, slender (laws of a 
woodpecker or chimney swift 
are designed for clinging to 
rough surfaces; the blunt 
stout claws of the domestic 
fowl for scratching; the hook¬ 
like talons of hawks and owls 
for grasping prey (Fig. 1 14); 
while lhe long straight claws 
of (he Mexican jacana (Fig. 
180), on t he ends of elongated 

foes, enable this tropical spe- 
Pu;. MO. Mexican jacana, Parra , c ; es | () s ] v j (>vor unstable lily 

its ability to run oxer lil> pads without pads that float on the surface 
sinking in I lie water. The male also has of the water in capturing its 
spurs on its wings with which to fight. ijlse.Ct orov 

(After Plate.) Vi . . , 

(certain species of the 

grouse family (Tetraonidae), undergo a periodic eedysis and re¬ 
newal of the entire claw, a reminder of the changes undergone by 
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Fig. 181.—Retractile clow of a cat. 
(After Hesse.) 


other epidermal structures, such as the thimble-like caps on the 
horns of pronghorn antelopes, or the corneal layer of a snake’s 
skin. 

Mammalian claws cover the terminal bony phalanx of each digit. 
They consist (Fig. 178, 2) of the unguis and subunguis of the rep¬ 
tilian claw, and in addition a terminal pad , or cushion, just 
behind the claw on the ventral side of the digital tip. Since the 

animal bears its weight on these 
cushions, the corneal layer that 
clothes them is considerably 
thickened in consequence. Usu¬ 
ally the dominant unguis be¬ 
comes laterally compressed and 
curved down to a point, with 
the result that the subunguis is 
much reduced. 

The claws of a cat are sharp 
and retractile within a protective sheath (Fig. 181), thus being 
kept unworn to be extended for use only in emergencies. The 
claws of a dog are less pointed and more exposed at all times, 
particularly so when it runs, for then they may 
even with the pads come into contact with the 
ground. 

Bats and sloths (Fig. 61, Q have claws de¬ 
veloped into elongated luniks which, although 
making locomotion on the ground awkward and 
difficult, are very useful when these animals 
hang themselves upside down from branches in 
trees, as is their habit. 

There are two striking modifications of mam¬ 
malian claws, namely, hoofs and nails. Tn the 
first case the unguis thickens enormously into for rath toe and 
the shoelike hoof, which is so convex that its * l “rubber heel.” 
edges reach all the way around to the ventral ^ L(r Schmul.) 
side and come into contact with the ground. In the other case the 
unguis becomes flattened into the conspicuous nail , and the sub¬ 
unguis shrinks to a narrow insignificant rudiment under the pro¬ 
jecting eaves of the nail, while the terminal pad becomes trans¬ 
formed into a sensitive ball, occupying the entire ventral aspect of 
the digital tip. 



Fig. 182.—Foot of 
an elephant show¬ 
ing separate hoof 
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Fig. J 83. -Tip 
of linger. N, nail; 
L, lunula; C, Cor¬ 
nell m (eponycli- 
iurn ) encroaching 
upon the nail at 
its husc. 


( b ) Hoofs .—In a typical hoof (Fig. 178, 5), such as that of a 
horse, the subunguis fills in ventrally the space between the lateral 
edges of the unguis, and the pad forms into a tough mass of material 
behind it, called the “frog,” that serves somewhat 
the purpose of a rubber heel on a shoe. Hoofs, 
like the thick-soled shoes of a traffic policeman, 
are useful in supporting the heavy weight of the 
body in such animals as stand for long periods of 
time and so need a firm foundation to bear up 
their weight. The heavy elephant, which has a 
hoof on each toe, is part icularly well provided with 
“rubber heels” (Fig. 182). 

The surefootedness of hoofed animals, like the 
donkey and mountain goat, is in part due to the 
fact that the softer subunguis wears away faster 
than the harder outer edge of the unguis, thus insuring a con¬ 
stantly well-shod foot will) a sharp hard edge, in spite of destruc¬ 
tive contact with rocky ground. 

(c) Nails .—Nails occur in man and other primates where they 
reinforce and protect the sensitive finger pads which play such an 
incalculable role in life. A person who attempts to pick up a pin, 

for example, w r ilh the fingers 
encased in gloves quickly 
realizes how much the sense 
of touch depends upon the 
finger tips. 

The human nail, which 
corresponds to the unguinal 
part of the claw flattened out, 
is made up from closely com¬ 
pacted epidermal cells of the 
stratum lucidum , that is, the 
lifeless remains of what were 
once Malpighian cells. Dur¬ 
ing its growth the distal part 
of the nail is continually advanced toward the tip of the finger or 
toe by additions from a thickened germinal matrix of Malpighian 
cells at its base, the position of which, particularly on the thumb, 
is marked by a white half moon, or lunula (Fig. 188). 

The pinkish color of the nail, aside from the lunula is due to its 



Fig. 184.—A diagram of a long section 
through a finger tip, showing the rela¬ 
tion of the corneum and the Malpighian 
layer to the nail. The large arrow points 
the direction of growth, and the small 
arrow indicates the lunula region, where 
the Malpighian cells are most active. 
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trausluceucy which allows the blood beneath to show through. 
The lunula is white because the mass of Malpighian cells forming 
, ,. m the nail-bed is so thick that the 

p ; ,4 ;' t X$ blood does not show through, 

t, Af ;- Upon pressure the blood in the 

j , . "f&r / ! -tv*'* \ underlying (capillaries can be made 

|,\ ^ to retreat, leaving the entire nail 

* v white like the lunula so long as 

v*' v ■ 

f\ . s the pressure is maintained. Tran- 

fm ‘ t ft sient white Hecks sometimes appear 

I r %> \ in fingernails, due to accidental 

lift I air-spaces imprisoned between the 

f j i J dead scalelike remains of thestra- 

/ / turn lucidum. 

• ^ . 

The whole nail pushes out 

through a superficial corneal layer 

of the epidermis, leaving a ragged 

Fin. 185.— Chinese linger nails margin of Cornell ill. Hie cponychiurn 

that have been allowed to grow (Fig. 1}{1), that may lie scon en- 

untrimmed. (Alter Marlin.) i • .1 • „. w i 

v croacliing upon the lunula and 

along the sides of the unguis. Under the free outer edge of the nail. 

where the continuity of the corneum is again broken, there is a 

narrow transitional region which is all that remains of the subunguis 


Fig. 183. —Chinese linger nails 
that have been allowed to grow 
lint,rimmed. (Alter Atari,in.) 


Bone Stratum Lucidum 



Fic. 186.—Cross section through the. finger tip of a child showing relation of 
epidermal layers in the formation of the nail. Kponychium. the part ol the 
corneal layer that encroaches upon the nail; .stratum lucidum iorms the nail. 
(Bone is shown in black ) (After Lewis.) 


of the reptilian daw\ Dirt collects here. The refinement of 
manicuring consists largely in attending to the ragged frame of 
corneum through which the nail projects. 
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The rate of growth of human nails is roughly an inch in six 
months. The rate varies with the general condition of health. 
A recent illness may be recorded by trans¬ 
verse depressions on the nails. 

If human nails were newer trimmed or 

broken, they ought Iheoreticallv to attain a _ 

length of over ten feet by the time one reaches ^ yr ^ j ^ j. 

the allotted age of three score years and ten of a lemur, I'erodirfi- 

(Fig. 185 ). chx, showing four nails 

i .1 » r* . ,i 4 . * amt one daw. (After 

In the human tetus the twenty nans first, N 

apj)ear as terminal amphibian-like epidermal 

thickenings, at about the ninth week. By the twelfth week they 

are perfectly formed, but it is considerably later when they finally 

migrate into their dorsal position (Fig. 186). 

The transition from the laterally compressed claws of most 

mammals to the flattened nails of primates, is strikingly illustrated 

in certain lemurs which have claws on some of their digits and 

rounded nails on others (Fig. 187). 




MISCELLANEOUS CORNEAL STRT CTt IRES 


Pectoral, 
girdle* 


Many fishes have horny, epidermal, supporting rays, urtino - 

trichia (Fig. 188) as well as bony or cartilaginous elements between 

the folds of skin thal 

^.-Scapular region constitute the lins. 

Pasalia The rattle on the tail of 

. a rattlesnake (Fig. 189) is 

''Propterioium . , 

Mesoptengium a um( R 1( ' corneal appara- 

^Metapterigium tus. Each lime, as the 

snake molts the outer layer 
of epidermis, a button, 
or ring of corneum, re¬ 
mains behind to record 

i * u s the fact. These rings are 

Aainolnchia^^v dry aild loose 

enough to 
make a rattling noise when 
Fig. 188. Pectoral girdle of dogfish, t | 10 tlrrill felt by an ex- 
showins arlirutlrichia, or horny ra>s. (MW reaches tbc tip 

Parker and 1 Inswell.) _ 1 

of the tail. 

Ilorny beaks are epidermal structures characteristic of birds, 
the toothless turtles, and monotremes. Among birds particularly 



Coracoid 
region 

Radialia~* 
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they exhibit a great variety of form, and serve a wide range of 


uses. 

Some male birds, such as game 
horny spurs upon the legs with 



Fro. 180.—The rutile of a 
rattlesnake, (1 ml a I us, with 
eleven rattle's. The lower 
figure is a long section, show¬ 
ing the vertebrae in black, 
with the horny rattles lilting 
loosely one over the oilier. 
(Alter German.) 


cocks for example, also develop 
which they settle questions of 



Fig. 190. —Spur of a fight¬ 
ing eoek. 


supremacy upon the avian lield of honor (Fig. L ( )0). The male 
jaeana that strikes at its rival with outspread wings is armed 
wilh effective wing spurs (Fig. 180). 

The great sheets of “ whalelione’' (Fig. 191) with their frazzled 
edges that fill the mouth cavity of toothless whales, in the form 
of an elaborate mechanism for straining the myriads of small ma- 

j 

Fig. 192.— 

K n e c p a (1 o f 
tliiekened cor¬ 
neal substance 
on a camel. 

(After Jansen.) 

rine organisms upon which these giants feed, are not bone at all, 
but horny epidermal structures. 

Camels and dromedaries are provided with thick corneal knee- 
pads (Fig. 192), to protect these heavy animals when they collapse 



Fig. 191.—Jaws of a whale, Ba- 
laerm , with plate's of “whalebone” 
hanging from upper jaw'. (After 
Nulm.) 
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to a kneeling posture before lying down upon the sands. Similar 
though smaller corneal pads of less obvious function, called 
“chestnuts,” are found on the inside of a horse's leg. 

The astonishingly conspicuous crimson and lilac callosities upon 
the seat of such monkeys as the African mandrill are still another 
manifestation of the epidermis, serving these interesting animals, 
which sit much of the time perched precariously on the branches 
of trees, as peripatetic sofa cushions. 

6. FEATHERS 

Feathers are integumentary structures characteristic of birds. 
Strong, light, elastic, and waterproof, these extraordinary modi- 



mursh.) 

lications of the epidermis are particularly tilted to the needs of 
animated aeroplanes. During the Jurassic Period, when so far as 
is known, birds made their de¬ 


but, in the form of Archae¬ 
opteryx (Fig. 41), they were 
already clothed with unmis¬ 
takable feathers. It is probable 
that these unique epidermal 
structures are homologous with 
reptilian scales, although evi- 
dence for this supposition is 
mostly embr yological, since 
neither comparative anatomy 


—barbule 



"'barb 


C5 "-shaft 


nor palaeontology shows any Fic. \)\. Detail of a feather. (From 
. ^ , , . . , Plate, after Mascha.) 

unmistakable transitional 

structures between scales and feathers. The apparent scales oil 
the flipper-like wings of (he sea-going antarctic penguins are not 
true scales but instead are miniature flattened feathers, as a close 
examination at once reveals. 

A typical feather (Fig. 193) is an elaboration of the lifeless 
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corneal layer of the epidermis. It consists of a shaft , hollow at the 
inserted end, from the sides of which lateral barbs and barbules 
extend. The barbules on the sides of each barb, like microscopic 
crochet hooks, interlock with those of neighboring barbs (Fig. 194), 
forming a continuous expanse called the vane , that makes a fan¬ 
like surface resistant to air. 

The germ of a developing feather appears as a hollow papilla of 
epidermal cells partly sunken in a pocket of the skin (Fig. 195). 
This epidermal papilla is filled at first, with a plug of dermal cells 
from below, but as the epidermis becomes hard and cornified, the 
dermal plug of cells withdraws, leaving a hollow' lifeless quill in¬ 
serted in the skin (Fig. 
196). The embryonic 
feather is, therefore, at 
first a tube of cornified 
epidermis, set in a pit 
of the corium. Within 
the tubular embryonic 
feather the wall down 
^ ta i • r i i • one side is considerably 

Fjc. I9.>.— De\Hoping loathiT. I, epidermis; * 7 

2 , conurn; pupilln, i, >h;ifi: r>, imrl.s. The Iliickoiird and lator be- 
rolled-lip embrymie feather, E. splits down I he pomes the shaft from 
si«l„ opposil.. LI... slu.lt an,I II,,11,-ns ....I, (MW w | lidl , | 10 slaillin r barbs 
llesse.) t , 

of the developed feather 
extend on either side (Fig. 195, 1). The wall of the tube opposite 
the shaft, the region of the distal lips of future barbs, is very thin. 
It is along this thin region that the rolled-up leather ruptures 
before it spreads out Hat. to assume its final definite form. 

There are three general kinds of feathers, namely, quill, down , 
and pin feathers. Quill feathers may be further classified as tail, 
wing , and contour feathers, devoted respectively to the functions of 
steering, flying, and thatching. Tail and wing quills are larger 
and less flexible than the lighter and more delicate contour feat hers 
that serve to (ill out the unevennesses of the surface of the body, 
giving grace of curving outlines to the living bird. The part that 
contour feathers play in streamlining a bird is very apparent w hen 
one observes the scrawny body of a dead bird from which the 
feathers have been plucked. 

There are two kinds of down feathers, namely, powder-down 
(Fig. 197), and nestling-down. Powder-down feathers are char- 
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acteristic of certain adult birds. They are interspersed and con¬ 
cealed among the contour feathers, and are more abundant on the 
breast and abdomen of herons and birds of prey than elsewhere. 
The heat-retaining quality of powder-down feathers aids in the in¬ 
cubation of the eggs and the protection of t he semi-naked nestlings. 
The shedding of pow r dery fragments dropped from time to lime 
effects a sort of sanitary cleaning of the plumage of birds whose 



Fin 1 ( K>.—-Developing fen (her of pigeon. Kpid , epidermis, suluula- 

neous Inver: O, quill Mns , imolmilarv muscle; (!('., enrnetil cups left in the 
quill 1>> flie w illxlr.iwal of* the papilla. (\fler Krause ) 


nests are partic ularly liable to become daubed with excreta and 
the remains of animal food. 

Pin feathers , although superficially resembling hairs, are eom- 
plemental in structure to down leathers. They have practically 
no barbs, consisting instead almost entirely of the shaft which is 
missing in down feathers that are made up of barbs and barbulcs. 
Pin feathers arc scattered quite generally over the body among the 
contour feathers, although in certain birds, such as flycatchers and 
whip-poor-wills, they become localized about the mouth opening, 
serving a barbed wire entanglement in the capture of insects on 
the wing. 

In a quill feather interlocking of the barbulcs occurs only in the 
exposed part of the vane which is not overlapped by other feathers. 
During the effective downward stroke of the wing in flight, the 
vanes of neighboring feathers close up together, presenting to the 
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air a common continuous impervious surface, while upon the re¬ 
turn upstroke they separate somewhat, thus letting the air through 
with less resistance. An entirely different irregular arrangement is 
characteristic of down feathers and pin feathers, which have noth¬ 
ing to do with locomotion. 

The plumage of a bird consists of all the feathers taken together. 
The Jirst plumage of young birds is the transient nestling-down, 
which appears as Huffy tufts on the tips of the emerging contour 

feathers. In this lirst plumage it 
is the tip of the epidermal tube 
that frays out like a brush (Fig. 
195, D) to form t he nestling-down 
feather, which is fated to wear 
off after temporary service and 
be replant'd by the unfolding quill 
feathers. 

The nestling-down of the first 
plumage is thus replaced by the 
so-called juvenal plumage , which 
is made up of the first coat of 
true quill feathers. This lasts 
the young bird through its first 
winter when, in most cases, it. is 
replaced by the nuptial plumage 

Fk;. Vh. - A powder-down loailirr. t] ja i heralds the first love affair 
(Drawn by Martha S. Whilmarsh.) • .» . 

m the spring. In the following 

autumn, after the adventure of raising the first family has been 
accomplished, the nuptial plumage, now faded and shabby, is 
exchanged for a post-nuptial plumage, livery year thereafter that 
the bird lives there is a new post-nuptial plumage after the breed¬ 
ing season and in the case of many birds an additional nuptial 
plumage in the spring. 

This process of eedysis by means of which one coat of feathers is 
exchanged for another is called moiling. When a dead feather 
loosens from its socket in the skin and is lost in molting, the living 
epidermal Malpighian cells at the bottom of the pit, backed up 
by nutritive resources of the blood vessels from the underlying 
corium, grow out into a new embryonic feather tube, which in turn 
unrolls to take the place of the dead feather that was lost. 

Water birds, gallinaceous birds, and some birds of prey are said 
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to be precociul , because at hatching they are quite well clothed 
with nestling-down, while certain other birds, such as kingfishers 
and woodpeckers, are described as ullricial , because they are 
hatched almost naked, only subsequently acquiring their first coat 
of feathers. 

Although the feather coat forms a remarkably complete covering 
over the body, the insertion of individual feathers in the skin is 
by no means equally spaced. Feathers are attached in localized 
patches called pterylae (Fig. 198), between which there are naked 



Fig. 198.— Pterylae , or foaflier tracts on the body of a cock. (After Nitschc.) 


areas, apieria , covered by overlapping feathers from neighboring 
pterylae. No doubt apieria in such areas as the “armpits” and 
the inguinal region facilitate freedom of locomotion in much the 
same way as do loose running trunks on the legs of a sprinter. 
Apteria on the abdomen of a bird may also be useful during incu¬ 
bation, because the eggs are thereby snuggled into more direct 
contact witli the warm body of the brooding mother. 

The constancy and orderly arrangement of the various pterylae 
has been used by syslematists in determining the relationships of 
different kinds of birds for purposes of classification. Ostriches, 
toucans, and modern penguins are apparently exceptional in that 
they do not in adult life show a pattern of feathers in pterylae and 
apteria. That this is a secondary acquisition and not a primary 
condition is indicated by the fact that fossil (Tertiary) penguins, 
and embryonic ostriches, show distinct pterylae. 
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Local deviations in feather arrangements, usually associated 
wit h secondary sexual characters, are of frequent occurrence, such 
as the (Tests and ruffs of various birds, and the spectacular tails of 
peacocks, fan tail pigeons, and lyre birds. Jn a strain of fancy 
poultry known as “frizzles,” the plumage' has departed from na¬ 
ture’s approved style by reason of the twisting of the feather 
shafts, but if is doubtful whether these curious frowzy birds could 
successfully maintain themselves out of domestication. 

The shingle-like lay of Hit* feathers is, with reference to the bird’s 
locomotion through the air, directed from the head toward the 
tail. This makes possible the retention under the leathers of 
a layer of warmed air next the skin during rapid flight, which 
would be blown away if the feathers were arranged in any other 
fashion. 

The remarkably varied color of feathers is due to one or both of 
two factors, namely, chemical [figments and physical refraction of 
light. The latter cause, gives rise to iridescent effects, like that 
seen on the jewel-like throat of the male ruby-throated humming¬ 
bird, whereby changes of color result, from changes in the angle of 
observation. 

The usual pigments are black, white, red, and yellow, other colors 
being combinations or dilutions of these fundamental ones. Pig¬ 
ments are deposited mostly in the exposed parts of feathers and 
only during the period of their grow th. After feat hers have become 
differentiated lifeless structures there is no way to add pigment 
granules to them, so that further change in color of plumage can 
then only occur in one of three ways, by fading of the pigment, al¬ 
ready in the feathers, by the wearing away of the parti-colored 
feather lips, or by complete ecdvsis of old feathers and their re¬ 
placement by new ones. The color of nearly all green feathers is 
due to refraction of light instead of pigmentation, although a 
green copper pigment has been extracted from the feathers of the 
West African “turacou,” Turanis. 

Frequently contour feathers present complicated variegations of 
colors which combine to form patterns , involving the matching of 
parts of several neighboring feathers. Thus, a white wing-bar, or 
a spot on the breast, is in reality a baffling mosaic, made up of un¬ 
equal fragmentary contributions of color from many separate 
overlapping feathers, which have grown independently into har¬ 
monious positions with relation to each other. No wonder that 
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Darwin is said to Lave exclaimed that trying to think out how the 
“eye” on the dorsal feathers that constitute the peacock's tail 
came about, made him actually sick! 

In I he process of molting, feathers in I he cenlers of I he separate 
pterylae are I he first to fall out. and this loss with its subsequent 
replacement extends from these centers to the margins of the 
different feather islands. 

Sometimes a molt is incomplete not involving each feather, but 
simply the wearing away of a different colored tip. This may be 
quite effective, however, in accomplishing a change in general 
appearance, as for example, in the case, of the male bobolink, 
lJolichouy.r , which changes from a distinctive coat of black and 
bulf in patches of color in the spring to an inconspicuous streaked 
sparrow-like plumage in the fall. 


7. HAIR 

Just as feathers characterize birds, so hairs are inlegumental 
ball-marks of mammals. Such apparently hairless animals as whales 
and sea-cows even, are clothed in part before birth with embryonic 
hair, while the ban*, thick-skinned rhinoceros and the hippopot¬ 
amus have sparse bristly hairs about the snout, and the big, 
apparently naked elephant, whose skin upon close examination is 
about as forbidding as a chestnut burr, has a supplementary mam¬ 
malian passport, in the form of a tuft of hair at the end of its 
ridiculous tail. 

llair serves a variety of uses besides its obvious benefit of afford¬ 
ing general protection. The air-imprisoning pell of a fur-bearing 
animal retains the body temperature and sheds the rain; tin* thick 
mane of a wild horse is a specially placed buffer against carnivorous 
enemies that would pounce upon its otherwise unprotected neck; 
the squirrel's frisky tail is a portable blanket which conveniently 
enwraps the owner when at rest: the anteaters bushy tail is a 
diverting and confusing barrier to the armies of ants that swarm 
forth in defense when the anleater makes a foray upon their 
citadel; the long hairs of the horse’s tail form an effective brush to 
ward off pestering insects; the stiff sinus hairs, or vibrissae, that 
supply the snouts of many mammals, are sensitive “feelers” 
(Fig. 199); and lastly, the color schemes carried out on the bodies 
of mammals, whatever uses they may serve, are due principally to 
hairs as color bearers. Transient sinus hairs on the inner or contact 
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side of the forearm in the human embryo (Fig. 200) hark back 
to arboreal lemur-like life. 

In structure a single hair (Fig. 151) is an epidermal shaft pro¬ 
jecting, usually at an acute angle like an exaggerated leaning tower 

of Pisa, from a pit or depression in the skin. 
The projecting dead part of the shaft is typi¬ 
cally cylindrical, with the root concealed at 
the base in the pit expanding into a club- 
shaped bulb that derives nourishment from 
. . the corium through the living Malpighian 

of a rat. They form a cells Inducing d- from below. Directly 

sensory halo that de- beneath the bulb and in intimate contact with 

termini's a hole large j s an upward-projecting dermal papilla 
enough for (lie body of . • • . n i i- , . , 

the oat to pass through. ™nlaimng capillaries arid nerve endings which 

supply tlic hair root. Two corneal layers of 
cells, namely, Huxley's layer * on the inside and He tile's layer on 
the outside, surround the root and together constitute the inner 
root sheath . Other epidermal cells that form the 
outer root sheath line the walls of the pit. The root 
of the hair with its sheaths makes up the hair 
follicle. 

Opening into the pit from the sides are sebaceous 
glands, which produce an oily secretion that renders 
the dead hair shaft less dry and brittle. 

In cross section a hair shaft ordinarily shows 
three kinds of cells, namely, those, of an inside core, 
or medulla (absent in human body hair); a sur¬ 
rounding ring, the cortex , making up the bulk of 
the hair; and a thin outer single layer of shingling p 1( , 0() q __ 

cells, the cuticle. Transient scusi- 

Although the root of the hair may he embedded f ive lmirs 011 thc 
•, • , i .. , . . , inner or contact 

deep in the corium, the entire structure is epider- si(ir of th(i fore _ 

mal in origin except the papilla, which is dermal, arm in u human 

The shaft of the hair usually tapers towards the embryo. (Alter 

tip and does not branch, although bristles some- ** roman ) 

times split distally. Frequently hairs taper also towards the root 

end, particularly near the point where they emerge from the skin, 

so that they tend to bend easily when still* or give way instead of 

* Iluxlcy’s first published paper in 1844, when he was nineteen, was a de¬ 
scription of this layer of cells. 
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breaking off upon contact with external objects. The exquisite 
softness of the fur upon a mole skin when it is stroked either way, 
is due to this adaptation of hairs thinned down at the surface of 
the skin, which enables the animal to go forward or backward in 
its burrow with a minimum of frictional injury to the pelt. 

Each follicle is supplied with an involuntary muscle cell, arrector 
piliy running from near its base diagonally to the superficial region 
of the corium, on the side 
tow ards which the hair slants. 

When this smooth muscle cell 
shortens, it pulls upon the 
base of the follicle which tends 
in consequence to cause the 
hair to “stand on end'’ (Fig. 

201). The action of the ar- 
rectores pilorum is particularly 
noticeable upon the scruff of 
an angry dog's neck, or upon 
the tail of a frightened cat, 
when these animals take on a 
more terrifying aspect as the 
result of this reflex. The 
ghostly remains of .this ap¬ 
paratus in man is the cause of “goose flesh." “Then a spirit 
passed before my face; the hair of my flesh stood up." (Job 4:15). 

The slant at which hairs emerge from t he skin varies in such a 
way that in their direction the hairs taken together form vortices 
and streams as they lie over the surface of the body (Fig. 202). 
This is particularly apparent on a horse or short-haired dog. 

Convergent vortices form around the base of projecting structures, 
such as horns, the tail, and the umbilical cord. These hair whirl¬ 
pools persist even after the structure around which they converge 
has disappeared, for example in man about the umbilicus, and at 
the focus in the coccygeal region where the vanished embryonic tail 
was formerly located (Fig. 20.3). 

Perhaps the most familiar instance of divergent whirlpools is on 
the human scalp at the vertex of the crown, where the hairs are 
centrifugallv arranged. Other divergent vortices appear in the 
axillae. The coarse hair of the sloth is divergently parted along 
the midline of the belly instead of down the back as in most 



Fig. 201 .—Arrector pili muscle which 
makes the hair stand on end when it 
contracts. 
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mammals. This adaptation, as in other divergent streams and 
whirlpools wherever found, is useful for shedding rain. The un- 



Fiu, 202. Diagram showing. A, IIn* more usual hair rurienls upon the front 
or \ cnhal aspect of Ihe trunk, and, B, on the bark or dorsal aspect of the 
trunk. (After Kidd.) 


usual arrangement in Ihe ease of Ihe sloth is due to Iho fart that 
this mammal customarily hangs suspended upside flown from the 
horizontal branches of a tree. 

Although hairs are not arranged in definite patches like, the 
ptervlae of leathers, vet they do emerge from Ihe skin enibryon- 

ically in orderly array with reference to each 
other (Fig. 201). In man they appear in groups 
of twos, threes, and fours with the largest hairs 
in the middle of each row (Fig. 205), lhe.se rows 
in turn being spaced in such a way as to sug¬ 
gest that each one is homologous with an in¬ 
terscale area. This hypothesis is further borne 
out by the arrangement of hairs in similar 
groups in other mammalian skins, particu¬ 
larly those of the armadillo and scaly anteater 
where scales are actually present with a definite group of hairs 
behind each scale. 



coccygeal hairs on a 
human embryo sug¬ 
gesting an ancestral 
tail. (After Ecker.) 
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In mammals other than man, local- A ^ 
ized masses of hair appear as fetlocks, 

tufts, manes, and modifications of the ® • O • Q I 

tail. A horse is enabled to brush away c *• *•* 
annoying flies with a “swish" of long d •; © © Q J 

hairs on the tail, while a cow accom- E .. K 

plishes the same result, as every farm 

boy who has ever milked a cow knows, ^ "'** L 

OO O O 

with a “flip" of the lerminal tassel. 

Hairs occur in various shapes and G Qq* M 

forms all the wav from hard rigid ° ° o 0 <sT 

spines, like those of the porcupine, Un " ° f 

huropean hedgehog, spiny mouse, and famus, a 3-gmup be hind a tail 
Australian an tea I or, to the soft delicate S(a,,,; r> - MM<is rosalia, 
wool of shop,) and f-oats. TJ.<* /vf.v//r.s- trr °" p V 1 ' l,i V 1 k; J , ( 7 ‘j™*'"*- 
of swine are slid* clastic hairs, some- ems, K, < itwhuimys paca; P, 
times with split ends, in w Inch < lie outer Trayulus javomeus; < i, Dasv- 

lavor of cuticle predominates. They I,r °C 

are more numerous on I lie dorsal side c im is fanuharis, k, Ormlho- 
of a hog than elsewhere on the body r ^ y w7//i.v; K Castor canadm- 
and tend to maki* the wild animal look lHllijanSt 

(it* Alcijerc ) 

somew hat larger and more formidable. 

Fur is composed of dense soft 

J-*. • '*“ * f . • ' 

J v ' ,a * rs ’ IVcHfuc'iilly lacking the ine- 
.• s 'mOw y fdnlla, w ith a lew long coarser hairs 

.^§PT" biterspersed. fn the process of 
k\ f ra,,s ^°rring the skin of a seal to 

r^milady's back in the form of a 

sealskin coal, llie long stiller guard 
hairs are carefully removed, leaving 
the soft thick-set fur-hairs making 

3 ,,n ^ onri ^ u, ^ u 

ally rough and scaly, and since the 

Fig. 205.- -langenlial section }, a j r shafts arc somewhat twisted 
through I he human scalp, showing Al . ,, , 

the groupiiifr «,r Imirs. (Enlarged the - v s P ,n wdl “ ,l ‘> Y arn because 
60 times.) (After Marlin.) the separate hairs interlock easily. 

Sinus hairs , or “feelers" (Fig. 
199), that radiate from the inquisitive noses of nocturnal prowl¬ 
ers, such as cats, rats, and weasels, are each seated in a large 
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papilla especially well provided witli nerve endings, so that any 
chance contact which disturbs the stiff outstanding dead shaft is 
communicated at once to sensory headquarters through the 
mechanical agitation of the basal papilla. 

The unusual beard on the faces of goats and men is the very 
latest evolutionary style in hair decoration. That the human 

beard is not so much a 
relic of the past as a 
prophecy of the future, 
is evident not only by 
its sharp differentiation 
in the male sex, and its 
delayed appearance in 
the individual, but also 
by the fact that it is 
much less apparent in 
the more primitive 
races. 

Sexual differentiation 
of human hair is largely 
controlled by hormone 
action as demonstrated 
when sexual hormones 
are prevented from nor- 
Fig. 206. -Four stages in the development of mal occurrence by the 

2l ,air l A .; ,n ?!\ l ^ m 7 1 !l ,r r ,)rhl T removal of ovaries or 

Maurer.) ep., epidermis; cor., curium. testes. Ilie distribution 

of adult female hair 
over the body is intermediate between that of the embryonic or 
infantile condition and the arrangement in the adult male. 

Although man is perhaps the least hairy of the mammals, with 
the exception of the aberrant whales and sea-cows, an examination 
of his embryonic development shows his close relationship to other 
members of the order of Primates. 

The first evidence of hairs in the mammalian skin is found in the 
form of concentrations of epidermal cells which, because of displace¬ 
ment resulting from their rapid multiplication, grow down like plugs 
into the curium (Fig. 206), and become hair follicles. The bulb of 
each follicle, with its surrounding inner and outer root sheaths, 
soon differentiates, and the newly-formed lengthening shaft pushes 


'* papilla 
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out towards the surface, loosening t he temporary epitrichium which 
at this stage covers the body like a gauzy envelope. The hairs in 
man first emerge at about the fifth fetal month, in the region of the 
forehead and eyebrows, eventually becoming a transient coat of 
delicate embryonic fur called lamiyo (Fig. 207), which clothes the 
entire body with the exception of the lips, palms, soles, nails, and 
spaces around the apertures 
of the external genitalia. 

The lanugo usually reaches 
its highest development dur¬ 
ing the eighth fetal month, 
when it begins to be slu'd 
into the amnionic fluid that, 
surrounds the embryo, and 
is replaced by the perma¬ 
nent hair, at least over cer¬ 
tain parts of the body, ft 
remains longest on the 
shoulders and in many in¬ 
stances is still in evidence 
at birth. 

The permanent hair in 
attaining its growth, be¬ 
comes localized in distribu¬ 
tion, and differentiated for 
various uses, as already 
pointed out. Tt is thickest 
originally adapted to shed the rain which fell alike on our just 
and unjust hatless arboreal ancestors, in apes, which assume a 
semi-erect posture with Ihe (Town of the head projecting some¬ 
what forward Instead of upward, the hair, as would he expected, 
is thicker on the scruff of the neck than on the top of the 
head. 

Hairs are also conspicuously specialized in man in the form of 
eyebrows, eyelashes, and as guardians of nasal and external ear 
passages against dust invasion. At the pubes and axillae cushions 
of hair that perhaps tend 1o lessen friction develop al puberty, 
while the remainder of the human body, which normally appears 
to be comparatively bare, is supplied in varying degree with hairy 
reminders of other days. 



Fig. 207. - Fuee of an embryo five months 
old with lanugo . or temporary hair eoveriiig. 
(After Krker.) 


on the top of the scalp, since it was 
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Hairs of the head are straight , ?mry, curly , or kinky. In cross 
section the series varies from nearly round in the straight head 
hair of Indians and Mongolians, to elliptical in the kinky hair of 
the Hottentot (Fig. 121). The shaft of curly or kinky hair, growing 
more rapidly on one side than on the other, emerges from the skin 

in a curve. Pubic and axillary hairs usually 
curl, even in straight-haired people, and straight 
hair lends to curl in wet weather while curly 
hair lends to straighten. True ’‘permanent 
waves," like poets, are horn not made. 

(u'ovvlh of hair varies individually, in health 
and sickness, seasonally, with quantity and 
quality of food, with climate, and with the re¬ 
gion of the body on which it occurs. The 
heard hairs may easily grow a millimeter iri 
twenty-four hours. Dr. W. W . Keen reckoned 
that with the production per millimeter of 
approximately 500 cells of hair, there would 
need to he only 5000 hairs on the head to pro¬ 
duce 10,000 hair cells per minute. This is what 
keeps barbers busy. 

Kic \ According to the manner of groirth hair is 

tmsr of hair, fully- either definitive ov angora in character. Defini- 
grovvu, of definitive jive hair grows until a certain length is at- 
gro\A th type. B, | a ined, when it becomes pinched oil from its 

of i iid of in i t i \ o base of supplies in the papilla of the bulb 
growth type. (Knun (Fig. 208), and the lifeless hair shaft, loosens 

and is shed. A new' hair then starts to grow. 
The interruption in growth at the root of an 
angora hair does not occui either as often or as 
Forl>es ) aSl11,1 completely as in delinilive hair, so that the 

shaft continues to lengl hen as long as the follicle 
remains intact,. In man the body hairs are definitive, while those 
of the scalp are angora in character. In apes those of the scalp 
are also definitive. 

The color of hair is due to pigment deposited during growth in 
the intercellular spaces of the cortex. When hairs “turn gray’" 
there is a reduction in the amount of pigment present and an in¬ 
crease in the number and size of the light-reflecting air-spaces 
bet ween the cells, (iray hair in man appears first at the “ temples,” 



camnii rim wings of 
the same magnifica¬ 
tion.) C, rorlex; K, 
follicle; M, medulla 
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situated over the temporal bones, so-called because here the flight 
of time is marked. In dogs the graying of hair usually begins on 
the snout, while in mice and rats it may be anywhere on the body. 
Some animals such as the \arying hare, Lrpus americanus , for ex¬ 
ample, show a seasonal whitening of lhe hair coal, that brings 
them into harmony 'with their snowy habital, thus insuring them 
a degree of protection against their enemies. 

Data on particular differences in human hair have been gathered 
in certain eases. For instance the head hair of blondes is usually 

a 

finer, longer and more dense than that of brunet tes. Someone has 
made an estimated census, after a partial count, of the number of 
head hairs on four females with the following result: blonde, 
110.000; brown, 100,000: black, 102,000; red. 88,000. A mathe¬ 
matical moment, with a pencil and a pad of paper reveals the fact 
that if the blonde lady in question should have her hair bobbed, 
supposing that it was originally two I eel long, she might thereby 
dispose of something over lift > linear miles of hair. 

Fcdysis or molting, which is so universal a phenomenon of other 
epidermal structures, occurs at intervals also in the hair coat. 
With most mammals shedding the hair is more pronounced in 
spring and early summer than at other seasons, but with man it. is 
a continuous process, involving a normal daily loss which may he 
increased under pathological conditions. \ single head hair, ac- 
cording to Lewis, ordinarily lasts from four to five years, while 
eyelashes are normally replaced in as many months. Failure in the 
replacement of hairs of the seal]) results in baldness of which there 
are two general types, both evidently hereditary. In one the di¬ 
vergent whirlpool of hair about the vertex of the (Town is the first 
to go, when the subject comes to resemble a tonsured monk. In 
the other case the hair retreats from the forehead with the passing 
of the years, leaving an increasing expanse of apparent intellectual¬ 
ity. When hot It types of baldness descend upon the same indiv idual 
the polished dona* of t he skull may be as bereft of hair as a billiard 
ball. Baldness, even if I lie truth be told, is very much more common 


in men than in w omen. 

l-nder pathological conditions, unusual abundance of hair, hyper - 
trichosis , or abnormal absence of hair, alriclwsis , may occur. The 
latter condition is frequently associated with defective develop¬ 
ment of the teeth. 

When embryonic lanugo persists it is spoken of as pseudo - 



262 


BIOLOGY OF THE VERTEBRATES 


hypertrichosis , as distinguished from hypertrichosis vcra. It is ex¬ 
emplified by the presence of superfluous hair in the case of bearded 
women and shaggy men. 



8. FRICTION RIDGES 

Upon the tips of human fingers peculiar line ridges may easily be 
seen with the naked eye, called friction ridges , because they aid to 

a certain extent in preventing the fingers 
from slipping when brought into contact 
with objects. They are arranged mostly 
at right angles to the direction in which 
there is the- greatest tendency to slip. 
Sweat glands that open upon them, like 
craters along the peaks of tiny volcanic 
mountain chains (Fig. 1.11), act as lubri¬ 
cants, bringing about much the same re¬ 
sult as when a workman “spits on his 
n- , . hands to secure a better grasp, 

ing friction m<Il^\s in region Since friction ridges appear only on 

<>f ronijici. (From Journal (.Rose areas that come habitually into con- 

of IfcrcJifv. April, 1618) , . -,1 i • , .1 .• 1 1 

tact with objects, they an* particularly 

developed on the palmar and plantar surfaces of the hands and 
feet of man and other primates, and also on the concave side of 
the prehensile tail of the long-tailed American monkeys (Fig. 209). 
They are absent from the middle of the back, forehead, and rim of 
the ear, and oilier regions not employed in taking hold of things. 

A histological examination reveals the fact that the ridges and 
furrows of the epidermis in lI k* friction areas are due to the pres¬ 
ence of the underlying papillary layer of the curium to which the 
epidermis intimately conforms. Furrows between papillary ridges 
should not be confused with the many wrinkles and folds that 
beset the skin all over the body (Fig. Jill). 

Friction areas are particularly assoc iated with padlike epidermal 
elevations, or tori, that, originally appear on the palms and soles. 
Typically there are leu of those elevated tori on each hand or 
foot, namely, live digital areas forming the balls of the lingers and 
toes; three interdigital areas on the palm or sole near the base of 
the digits; one thenar; and one hypothenar area at the posterior 
part of the palm or sole on the side of the big digit and the little 
digit respectively (Fig. 210). Although present as distinct eleva- 
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tions throughout, life on the feet of certain mammals, the mouse for 
example, and also on the hands and feet of the human embryo, tori 


or 



Fig. 210.—Arrangement of the tori, or elevations which become the friction 
areas on the palmar surface of the hand. A, diagram of typical arrangement. 
(After Wilder.) B, hand of a human embryo of 22 mm. in which corresponding 
tori are seen. (After Betzius.) dig., two of the digital tori; in. dig., interdigital 
tori; Hy, hypothenar; Th, thenar. 

as such disappear in adult man, since, as the human embryo grows 
older, these elevations or pads become less pronounced and are 
eventually flattened to form the friction areas. 

The various minute patterns which the ridges of the friction 
areas assume are all definitely established before birth and retain 



i whorl I t composite I 1 loop 1 ARCH 


Fig. 211.--Diagrams of the four main types of linger patterns. The whorl 
and the composite have two deltas; the loop, one, and the arch, none. The 
loop may be a radial loop, or an ulnar loop according to whether it. opens 
outward toward the thumb (radial), or toward the little finger (ulnar). (After 
Wilder and Wentworth.) 

their individuality, except for slight increase in size, throughout 
life. It has been demonstrated dial when friction ridge patterns 
are destroyed by searing or by sandpapering the finger tips, the 
old patterns are restored upon subsequent growth of new epidermis. 
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Since the details of the patterns are unlike, not only in different 
persons hut also on the twenty fingers and toes of I he same per¬ 
son, they furnish an excellent, means for personal identification. 
Jus! as primitive peoples in the past have frequently employed 
indelible tattoo marks in order to distinguish themselves from their 




Fici. 2L2.- Two sets of tiii^rr prints, superficially alike 1ml. quite different 
in detail. A, prinl. of the middle right finger of ,1. O. (Magnified two diarn- 
eteis.) The area enclosed in the square is shown below in an enlargement of 
II diameters. B. print of the right middle linger ol‘ J. \\ (Magnified two di¬ 
ameters.) This was selected from several hundred prints of middle right lingers 
in the, endeavor to get the nearest maleh to A. The corresponding enlarged 
square below shows distinct dillei cures that are not evident upon superlieial 
examination. (From Wilder and Wentworth) 


fellows, so friction ridge patterns, which have been called “nature's 
tattoo marks,” are made to serve a like purpose. 

The patterns may he roughly classified in general types, namely, 
whorls , loops, composites , and arches , as indicated in f igure 211. 
Loops may he ulnar or radial according to whether they stream 
outward toward the ulnar (little finger) or the radial (thumb) side, 
w hile arches may be simple , as in the figure, or if more pronounced, 
tented arches. Combinations of these types upon the fingers of both 
hands taken together, and the infinite variety in the minutiae that 
each type reveals upon careful scrutiny, make possible an almost 
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unlimited subdivision and classification. Thus, it. has come about 
that linker-print codes have been worked out, which may even be 
telegraphed or radioed from one part of the w T orld lo another in the 
interest s of personal identification. 

By reason of the fact that linger prints are easily made and kept 
on lile, they may be utilized conveniently in a great, variety of 
ways. I pon a bank cheque, passport, or non-transferrable docu¬ 
ments of any kind, for example, such a personal imprint furnishes 
a unique signature which cannot be forged, in the case of soldiers, 
sailors, the personnel of large industrial plants, voters, babies at 
maternity hospitals, inmates of institutions, criminals, undesirable 
immigrants once rejected, dead bodies recovered from disastrous 
catastrophies or accidents, aphasia victims, and in many other 
instances, linger prints oiler a simple and invaluable means of es¬ 
tablishing identity (Fig. 212). 

Since (lallon’s pioneer work in Kngland,* and the appearance of 
Mark Twain’s whimsical classic,! in which the imagination of the 
story teller anticipated the later applications of science, the serious 
study and utilization of Ihe ineffaceable friction ridges has de¬ 
veloped into a real science by itself (l)aclylosa>[>y) with a consider¬ 
able and growing bibliography. It is now known that two widely 
separated peoples, the Chinese and the Babylonians, in very early 
times made nse of linger-print signatures. 


* Finger Prints , 1802. 

t The Tragedy of Pmld'nlicud Wilson. 1894. 
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INTAKE APPARATUS 
(DIGESTIVE SYSTEM) 

I. In General 

1. THE WHIRLPOOL OF LIFE 

Life is manifested as a process of release of energy, involving 
continuous deatli or destruction, since it is only by the breakdown 
of cells and tissues in which energy from food has been stored that 
the phenomenon of life can appear or continue. Thus, the paradox 
that we live by dying. There is, however, more than one kind of 
death. The kind referred to in this connection is the local death 
of cells and tissues, which is usually accompanied by regeneration 
and recovery, while what may be called general death is that in 
which the correlation of functions depending upon the brain, heart, 
and lungs is interrupted so that it cannot again be resumed. Even 
in this latter case the component tissues may live on for some time 
after correlation is no longer possible, as shown, for example, by 
the excitability of the muscles of a frog’s leg under electrical stimu¬ 
lation after the frog has been irrevocably killed by the complete 
removal of its brain and heart. 

Huxley likened an organism lo the whirlpool below Niagara 
Falls. At no two moments of time is it made up of the same mass 
of water, yet its identity remains, and if photographed on suc¬ 
ceeding days from the same point, the pictures would appear alike. 
In a similar manner all living things may be conceived as whirl¬ 
pools of living mailer and energy, which nevertheless maintain a 
continuous individuality throughout the duration of life. 

The digestive system is the mechanism that makes good the 
constant losses which are inevitable in the mortal expense of living. 
It is with the intake aspects of the organic whirlpool that this 
chapter is concerned. 
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2. RATE OF LIVING 

The rate at which the metabolic waters of life flow through the 
organic whirlpool varies greatly with the age of the individual. 
During the first part of life while growth is taking place, the intake, 
like a spring freshet, is greatly in excess of the outgo, but later 
there follows a prolonged period of balance during which losses of 
energy are simply made good, then the stream of life Hows more 
slowly and becomes less and less in volume, and eventually ceases 
entirely as the head waters gradually dry up. 

It is not at all easy to realize the abounding life of animals during 
the onset of growth. A human baby normally doubles its weight, 
in 200 days. A newborn mouse quadruples its weight in twenty-four 
hours, and a silkworm increases its size 500 times during the first 
day’s intake of mulberry leaves. Dr. keen says: “Were the same 
rule to hold, a baby weighing seven pounds at birth would weigh 
thirty-five hundred pounds the very next day, and when a month 
old would weigh one hundred and five thousand pounds, or over 
fifty ‘short tons,’ which, however, could hardly be called ‘short 
weight.’ ” 

3. HUNGER AND THIRST 


Food, water, and oxygen are the necessary materials of subsist¬ 
ence taken into a going'organisin. Food carries energy to be stored 
up in the tissues for later use. Water is the universal solvent and 
fluid necessary for manipulating and shifting about materials 
within the organism, while oxygen effects the breakdown of tissues 
and the liberation of imprisoned energy. 

The essential concern of every animal is the securing of these 
three primary prerequisites for continued activity. This fact, is so 
obvious that it escapes our attention. Anyone who has tried to 
follow 7 the incessant activities of a wild bird, for example, during 
the daylight hours will realize in part the imperious demands of 
hunger and thirst. It may be observed that most animals rarely 
succeed in overtaking their appetites. 

Even in the highly specialized routine of human society, the 
daily program of business, pleasure, education, religious activities, 
politics, philanthropy, and all the rest, is secondarily tucked in 
between meals around which the day’s activities are arranged, and 
any serious deviation from the periodic exercise of the sacred rites 
of intake are likely to border on the disastrous. 
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4. THE INTAKE MECHANISM OF ANIMALS AND PI A NTS 

CONTRASTED 

Most plants an 4 restricted to a dirt. The food they use is monoh 
onoiis in (lie extreme, yet there is no complaint. It is made up in 

the synthetic laboratories of the green cells of leaves 
or stem out of uniformly distributed raw materials, 
such as carbon dioxide and oxygen from the air, 
and x\aler impregnated with dissolved salts of the 
soil. 

Liquid intake from soil-water is soaked up by 
osmosis through the delicate walls of roof hairs 
(Fig. 2!.*•), which would quickly collapse if exposed 
to dry air. This does not ordinarily happen, how¬ 
ever, as root hairs remain constantly protected in 
dam]) soil, since the plant is not forced to travel 
about seeking water and what it may devour. 

Animals, on the other hand, do not have the 
t power of synthesizing foods out of air, water, and 

Mustard "" sard- Sitlls of 1 lit* soil, SO 

tint? showing ordinarily they cannot remain 
mot ban-,. (\l- anchored in one spot, maim- 
ter S«ichs., factoring their foods out of 

raw materials at hand, but are obliged to 
forage for food already made. 

Like plants, animals depend upon osmotic 
intake through thin cell walls, but these eel- , ‘ on a action 
lular middlemen between indispensable food shmvilu , M)frjr o( - th( . 
and the animal body, like the root hairs of Huperticiul cells grow- 
plants (Fig. 211), cannot remain without harm ' in & in, ° mot * m ' rs * ^ 
m air on the outside oi bodies of adventurous p|{|Mn (<J()UH) , incB 
locomotor organisms. The intake cells of the cell wall and en- 
animals, as well as of plants, must be pro- 1 } U ' sap * 

teoted from mechanical injury and from dry- ^ ,Ur s * llp,(> ^ 
ing up, while their possessors are seeking food. This explains 
the evolution in locomotor animals of the di(je stive lube , which 
is an enclosed passage-way arranged for one-way traffic and 
paved with thin-walled absorbing cells that- correspond to the 
osmotic root, hairs of plants. In one sense the digestive tube is 
simply an infolding of the integument, making a protected subway 
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whore food admitted at the entrance is exposed to intake cells, 
which proceed to do their osmotic duty in security without drying 
up while being transported to fresh lields of food supply. Thus, in 
a way, an animal may be regarded as a plant turned outside-in. 

5. Till] MISSION OI THE FOOD TUBE 

In the process of living while energy is being released by the 
oxidation of the tissues, it becomes imperative that replacements 
be made from outside sources, or in other words, that food 
be obtained. It. is not enough, however, simply to gel food, since 
energy-containing substances cannot be utilized until they are so 
liquified and transformed that they may be taken into the blood, 
and thus forwarded to the needy tissues where the actual feeding, 
or incorporation of food materials occurs. To accomplish these 
transformations is the mission of the digestive tube with its 
accompanying contributory de\ ices. 

The everyday miracle of a cat taking a captured mouse and 
changing it over into more cal , or of human llesh and blood, en¬ 
dowed with personal idiosyneraeies, made out of the hodge-podge 
of materials that appear on daily bills of fare, is so ordinary and 
familiar that, these marvels have ceased to excite wonder. 


6. KINDS OF FEEDERS 
# 

Animals may be classified according to the prevailing character 
of their intake into herbivores, carnivores, omnivores, parasites, 
symbionts, and saprozoans. 

Herbivores are direct plant feeders. Carnivores feed upon animals, 
but in reality are plant feeders at least once removed, since the 
ultimate food of all animals is plants. Omnivores feed directly upon 
both animals and plants. Parasites feed at the expense of living 
organisms which “entertain" them as “hosts" without necessarily 
fatal results. Symbionts , such as green hydras and certain green 
worms, live vicariously at the expense of microscopic green plants 
embedded in their bodies, which have the ability common to green 
plants of synthesizing food on the spot, while saprozoa , like certain 
flagellates and infusorians, are scavengers, specializing upon dead 
organisms in the last stages of their reduction into inorganic 
materials. Vertebrates belong in the first three groups. 

Animals with a wide range of foods have a better chance in the 
struggle for existence than those that have become specialized lor 
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a single source of nutrition, such as the pronuba moth, which feeds 
only on the pollen of the yucca flower; termites with a diet of 
woody cellulose; boll-weevils that spurn everything except cotton 
“squares'* before they bloom; and eoprophagous beetles that revel 
only in feces. 

There are a few curious carnivorous plants, like the Venus fly¬ 
trap, bladdorwort, pitcher plants, and sundews, that have deviated 
far from Hie self-reliance of green plants in general, which manu¬ 
facture their own food. These isolated plants by various cunning 
devices have augmented the usual source of food of green plants 
by capturing small animals which they devour, while a greater 
variety of plant forms, including bacteria and fungi that have no 
chlorophyll, live saprophytically on the dead organic remains of 
other plants. 

Animals in satisfying their demands of hunger from all sorts of 
sources are quite unaware that the chemist iinds only three funda¬ 
mental kinds of food in the world, with certain necessary additional 
inorganic trimmings in tlie form of water and salts. These three 
basic food substances, which occur in an infinite number of guises 
in the bill of fare of animals and plants, are proteins , that furnish 
building materials for growth, maintenance, and reproduction, and 
fats , and carbohydrates , which supply the immediate energy indis¬ 
pensable to the business of living. 


II. The Fooj> Tube 

I. ITS EVOLUTION 

In the lowest unicellular forms of animal life, the osmotic proc¬ 
ess of taking in food substances is performed by the outside of the 
body, somewhat after the fashion of plants, as most simply demon¬ 
strated by Amoeba. 

Among sponges, which take the first step in the great adventure 
of cell associations, the method of intake is hardly different, 
although there is a prophecy of an internal digestive tube in the 
ciliated passage-ways that honeycomb the loosely connected sponge 
mass, through which the food-laden water is made to stream. 

That intake is far more important than outgo is evidenced in the 
entire primitive phylum of the Coelenlerata by the presence of a 
mouth opening but no anus. Hydras, corals, and sea-anemones, as 
well as all other typical coelenterates, have a digestive sac open 
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only at one end, and little else. In these pioneer animals every¬ 
thing is sacrificed to securing a suitable place for the bestowal of 
food. The very shape of the body is determined by the food sac, 
for the whole animal is simply an animated food bag, decorated 
around the intake opening with a fringe of subservient tentacles. 
The importance of the food l ube is thus clearly emphasized by its 
early establishment before any other structural refinements pecul¬ 
iar to the animal organism. 

Even in echinoderms, although an anus is nominally present it 
plays only an occasional role, since these devastating, devouring 
creatures, of which starfishes and sea-urchins are typical ex¬ 
amples, dispose so effectually of the food entering their maw, that 
there is very little waste left over for expulsion at the exit. As a 
matter of fact in the ease of the starfish, most of the food waste is 
not even taken into the mouth. Instead the stomach is everted 
from the mouth in feeding and enwraps the food or prey so com¬ 
pletely that the indigestible parts are left behind when the stomach 
is withdrawn, leaving no residue to be passed out at, the anus. 

Worms and caterpillars may well be described as perambulating 
digestive tubes, with the important mouth end pointed toward a 
food-containing world. Directive sense organs cluster around this 
exploratory end of the food tube, informing it where to go. 

Vertebrates are morphologically “worms” with certain addi¬ 
tional accessories. Did not the pious Isaac Watts say in one of his 
famous hymns, “What a poor worm am I?” 

A vertebrate in reality is a double tube. The outer tube is the 
protective body wall, and the inner tube, the digestive canal. 
Between the two tubes is the body cavity, which makes possible 
within a limited space the storage of a digestive canal much longer 
and more efficient than the exterior of the animal would load one 
to suspect. Thus, the knapsack for carrying the rations is bestowed 
within the body instead of being carried outside. 

2. INCREASE IN DIGESTIVE SURFACE 

So long as the bulk of an animal’s body remains small, as in the 
earthworm, a straight digestive tube has an adequate internal sur¬ 
face to meet all alimentary demands. It is mathematically demon¬ 
strable, however, that while the surfaces of two homologous solids 
are to each other as the squares , the masses are to each other as 
the cubes of their homologous dimensions. This means that the 
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bulk of a growing animal increases more rapidly than its surface, 
with 1 he inevitable result that a straight, unmodified digestive tube 
becomes inadequate to lake care of the accompanying mass. This 
is particularly true in the case of herbivores, whose food is less 

concentrated than that, of carni¬ 
vores, and who consequently need 
digestive machinery adequate for 
handling a larger quantity of food 
in a given time. 

There .are four general ways in 
which this need for increase of di¬ 
gestive surface lias been met in 
various animals, namely, (a) by 
increase' in diameter; (b) b t y in¬ 
crease in length: (e) by internal 
Fro. 215. - Comparison of 1.1 k folds and elevations of \arioilS 
u.<l|«»l«- and III.- lro K , Alylrx, l x j lu | s; ilIK | (( |) | )y || 1( > addition of 

just alter metamorphosis, lo show . , , 

the great. <Iilleren<e in the digestive supplementary do crhcula. 

tract wil.h I Ik* change from plant to (a) Increase in Diameter .—This 

animal diet, (troiii Riitsehli, alter mol hod is not extensively eni- 

ployed, because of the limitations 
of spare in the body cavity. If the' inner lobe increases in diame¬ 
ter the outer tube of I he body wall must also enlarge, which tends 
to defeat the object to be gained. 

Certain regions of nearlv everv 
digestive tube, such as the stom¬ 
ach and large intestine, are fre¬ 
quently, nevertheless, of greater 
diameter than llit' remainder of 
I he tube. 

(/>) Increase in Length. In¬ 
crease in length is a universal Fro. 21(>. Diagrammatic cross 

device among vertebrates for add- s< ‘ r, ' <m liU wndiwonn, showing 
A . -ill r »• the Ivphlosole which increases tin; 

1"K to the avmlal,le tllKCntWO inl( . rnH | siufan- of the digestive lube., 
surface, since I he body cavity 

furnishes possible space for stowing away coils and loops of the 
tube. The body cavity not only makes a place for an intestine 
longer than the body itself, but it also frees the intestinal Lube 
from the muscular control of surrounding tissues, permitting it 
freedom to exercise p<Tist.all.ic movements of its own. 


fyphL 
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The characteristic swollen shape of a tadpole, resembling an 
animated head with a tail attached, is due to the enormously 
lengthened digestive tube which is coiled about many times, pack¬ 
ing the body cavity full. Just before metamorphosis, when the 
tadpole gut is adapted for plant food, it. may 
measure eight to ten centimeters in length, 
whereas after metamorphosis, when the young 
frog switches over to insect food thus reqHir¬ 
ing less digestive surface, although the body 
is now considerably longer, the tube itself 
shortens to three or four centimeters in length 

(Fig. 215). 

In man the entire digestive tube is between 
twenty-five and thirty feet in length, although 
the entrance and exit are only about two feet 
apart. 

(c) Infernal Isolds .—Increase both in diam¬ 
eter and length of the digestive tube make S|)ii*al 

, , vano ol dogfish. (At- 

demands that soon encroach upon limits ol ter Route) 

possible space within the body cavity. In¬ 
ternal olds within the food lube itself avoid this dillieully by 
adding to the expanse of surface to which the food is exposed 

without adding to the external si/e 
of the tube. 

\ longitudinal fold extending 
into the cavity of the tube is 
termed a lyphlnsole (Fig. 2U>). 
Sueb an arrangement is present in 
v' the exclostomes. In dipnoans. as 

Via. 218.- -I rai.sviTse riiwie, W( »|] ;)s Hasmohranehs and ganoid 
plicae cirrulnrrs. linim? lh«» inlcstine. , ., . . . . , 

(Mi,rCu,mii, ? l.:.m.) Ul ° > n,os,mal pari ol Iho 

food lube is supplied with a spiral 
valve (Fig. 217), or a typlilosole so much longer than the tube in 
which if is placed that it must coil around like a spiral stairway, 
with one edge attached while the other is free. 

Certain invading transverse folds, called plicae circulares (Fig. 
218), give a washboard effect to the inner surface ol the anterior 
part of tlie human intestine, while countless tiny elevations, or 
villi, projecting like the nap of velvet from the inner surface of the 
small intestine, particularly in the higher vertebrates, produce an 
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enormous increase of absorbing area in a minimum of space, for 
contact, with passing food. 

(d) Supplementary Diverticula. —Side alleys, or divert icula, from 
the main tube occur in many instances. These are particularly 
abundant in fishes at the junction of the 
stomach with the small intestine, where they 
are called pyloric caeca (Fig. 219). They 
vary in number from one in the ganoid 
Polypterus and the sand-lance Ammodytes 
to over 200 in the mackerel Scomber. 

Other diverticula, called the colic caeca, are 
found at the junction of the small and large 
intestines in vertebrates beginning with rep¬ 
tiles. The colic caecum of a turtle is oidy a 
slight enlargement (Fig. 220), but in rabbits 
and some other rodents it may become an 
enormously enlarged tube with an internal 
capacity nearly equal to that of the rest of 
the digestive canal to which it is attached. 

In man the colic caecum, with its trouble- p a ^„p t " n <ml ' ^ Aftcr 
some shriveled prolongation, the processus 
permiforrnis, or “vermiform appendix” (Fig. 221), has outlived its 
usefulness and bears an unsavory reputation. Birds have typically 
two colic caeca (Fig. 222). 

The large intestine of man, as well as of several other mammals, 
is pushed out into a series of baywindow-like enlargements (Fig. 

2211), which are a sort, of diver¬ 
ticula, called liaustra. Connected 
with t he rect al region throughout 
the vertebrale series are various 

Fig. 223.—Haustra in the large PnMeiliatioal OUtpushings, such 
intestine of man, with small diver- as the rectal gland of elasmo- 
ticula, glundulae cpiploicae. (After branehs; the urinary bladder of 



Fig. 222. ---Two colic 



Cunningham.) 


amphibians; the bursa of Fabricii 


in birds, and anal glands of cert ain mammals, all of which have been 
made to serve different, uses, although not necessarily connected 
with the process of digestion. 
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ncuroporc neurenteric 
^ : canal 


notochord mcsodacum 
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# 

— ^ 
stomodaeum proctodaeom 

Fui. 221. - Diagrammatic slab's in (lie diflVr- 
entialion ol‘ tin* n<T\e cord and digestive tube in 
ampliioxus. (Adler Houle.) 


In the earlier stages of a developing ampliioxus embryo when the 

hollow sphere of undilferentiated cells (biasIn la) pushes in on one 

side 1o form a double 
^blastopore _ .nerv ecord a ravity 

is formed within lhe 
double cup in which 
food may be held in 
close conlaei with ab¬ 
sorbing cells. This inner 
cup cavil y is I lie <jastro¬ 
car l<% or primitive di¬ 
gestive cavil y (Fig. 
Il l, (1). The opening 
(blastopore) of this cup 
soon becomes obi iter¬ 
ated bv I he growing 
over of one side of the 
blastopore lip, leaving I he gaslroeoele no longer in direct com¬ 
munication with lhe outside (Fig. 221). In eggs laden with nutri- 
live yolk, however, it is not al lirsl necessary to receive food from 
the outside, since I lie yolk stored within the egg has direct access 
to the newly established gaslroeoele where it is 
greedily utilized. 

As the yolk diminishes, it is rapidly trans¬ 
formed into I he enlarging embryo, within which 
the gaslroeoele becomes elongated into the major 
part of the future digestive canal, lined with 
absorbing endoderrn colls and closed at either ^”"| ) |-koanushiii 
end. There comes a time, however, when the human embryo, 

increasing demand for nutriment can no longer ^ m,rl - 111 length, 
v !• i <. *.i • i • |• F, prootodaeuni. 

be supplied from within, and communication (After Keibel) 

with the outside must be established in order to 

admit food into the digestive cavity. This necessity is met by the 

inpushing of the ectoderm, until it meets the endoderrnal wall 

near either end of the elongated gaslroeoele where it finally breaks 

through, making a continuous open passage-way, which is the 

digestive tube. 

The anterior ectodermal ingrowth is called the stomodaeum , 


a 
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and the posterior ectodermal part, the prod oda cum, while the 
cmlodcrmal region between the slomodaeurn and the proctodaeum, 
whirl) was originally the gaslrocoele, is now termed the mcsodacum . 
The embryonic stomodaeum stakes out the claim for the future 
mouth region, and the proetodaeum locates the anus (Fig. 225). 
The food tube thus consists of three embryonic components, al¬ 
though the landmarks that separate them from each other are 
obliterated in the adult. 


4. HISTOLOGY 

A cross section of the digestive tube within the body cavity 
shows it to be made up of several concentric layers of cells (Fig. 
226). 

The innermost layer, or mucosa , is the original embryonic endo- 
derni, supported by mesodermal connective tissue, the submucosa. 
The mucosa is one cell-layer thick, except in the anterior esophageal 
region where it is thicker. It performs not only the “root hair” 
function of absorption, but also gives 
rise to various digestive glands that 
bring about chemical transformation 
of the food taken in. All the other 
layers aside from the mucosa are 
secondary and are subsequently 
added to this most important ab¬ 
sorptive primary lining of the food 
tube. 

The submucosa next to the mucosa 
is connective tissue and is largely 
devoted to supporting a rich net- lie transverse section through 
work of capillaries and lymphatics intestine ol a vertebrate. 

which bear away over the body the y illus; M| IIUK ,,sa; L, lymph 
materials absorbed by the mucosa, follicle, LM, longitudinal mus- 

Outside of the submucosa there CM, circular muscle; SM 
. Till ,, / • suhmucosa; Rv, blood vessel, 

is a double layer, the muscular is, (After Wiedersheiin.) 

composed of circular muscles on the 

inside and longitudinal muscles on the outside. These muscles 
are involuntary in their action, except, for a short distance at either 
end of the tube in the stomodaeal and proctodaeal regions, w here 
they are under the control of the will. They effect movement of 
the food through alternate contractions by processes of segmenla - 



LM 


Fig. 226. ■ - Semi-diagraimna- 
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lion and peristalsis . Seamen I a lion churns the contents of the tube 
back and forth, while peristalsis forwards i(. 

Protecting the muscujar layers on llie outside is a sustentative 
layer of tissue called the serosa , which is continuous with the 
mesenteries and with the peritoneum that lines Lite body cavity. 
In that part of the tube lying outside of the body cavity, no serosa 
is present. 


moo ions or the ttbe 

Since food undergoes progressive modification as it passes 
through the digestive tube, the tube itself, as would be expected, 



Fig. 227.—SilhomTles of digestive system of fish, amphibian, bird, and mam¬ 
mal. (Afler Houle.) 


shows structural adaptations for the performance of these various 
tasks. Of necessity there lias evolved a physiological division of 
labor, or specialization, which has left its mark on the morpholog¬ 
ical features that, characterize the alimentary tract in different 
regions. For purposes of description the entire tube may be divided 
into four zones, or regions, namely, digressive, progressive, degres¬ 
sive, and egressive. 

The ingressire zone is the intake region of prehension and mas¬ 
tication. It involves the lips and mouth with the teeth, tongue, and 
various other structures contained therein. The progressive zone , 
embracing the pharynx, esophagus, and stomach, is the region of 
forwarding the food-intake and passing it through the preliminary 
stages of modification. The degressive zone , coincident with the 
small intestine, is not only the most extensive but also in a sense 
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the most important part of all the zones, for here occurs the 
chemical preparation of the food stuffs, and their ultimate selection 
and absorption into the blood. Finally, the egressive zone , which is 
confined to the large intestine, is the region for the expulsion of the 
unusable residue that cannot be diverted into the blood and applied 
to the uses of the body. These regions are shown diagrainmatieally 
in silhouette for fishes, amphibians, birds and mammals, in Figure- 
227. With this introduction we may now proceed upon an imag¬ 
inary tour of inspection through the entire alimentary tract, with 
our eyes open for the anatomical scenery along the way. 

111. Ingressive Zone 

1. FOOD CAPTURE AND PREHENSION 

Before food can travel along the digestive highway, it must be 
captured and placed inside the entrance of the tube. This process, 
which may call for expert performance, occupies a large part of the 
waking hours of most animals, and even in the case of intellectual 
man is the act uating motive behind much of his daily behavior. 
It is no concern of plants. 

Probably in the majority of cases the capture of food involves 
some sort of a chase, since the animal as well as its food may be in 
motion. Herbivores have the advantage of depending upon food 
that is generally stationary, so they simply need to seek it out. 
Sedentary feeders, on the other hand, remain in one spot, catching 
motile food that comes their way. Devices of various kinds, there¬ 
fore, like ciliary whirlpools or stretching tentacles, arc employed 
by stationary animals to bring food within range. Many aquatic 
animals that arc not sessile also use cilia to sweep microscopic food 
particles their way. The ciliated fraternity includes protozoans, 
sponges, anthozoans, bryozoans, rotifers, brachiopods, sessile anne¬ 
lids, brittle-stars, bivalves, pteropods, entomostracans, tunicates, 
amphioxus, and many larval forms. 

Many animals that are anatomically able to go in pursuit of 
food, succeed better by lying in waif for passing food than by be¬ 
stirring themselves in open chase. They have their breakfast, so to 
speak, served to them in bed. Such animals frequently develop 
camouflaging coloration, or, like spiders, construct elaborate 
snares and traps for their prey. Mucous threads are employed by 
certain coelenterates and mollusks to entangle food particles that 
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are lhen engulfed. Willi the evolution of bilateral symmetry 
and increased powers of locomotion, “watchful waiting” goes 
more and more into the discard and pursuit of daily bread be¬ 
comes the more universal method. 

When food is finally within reaching distance, there are many 
diverse organs of prehension (Fig. 228), which come into play for 
seizing il and placing it within the mouth. These adaptations 
range all the way from the slow pseudopod of an Amoeba to the 

reaching “boarding house 
arm” of modern man. 

Birds, possessing neither 
arms nor hands for taking 
hold of food, have the edge 
of the mouth opening drawn 
out into a point, forming a 
liornv beak which is used 

i 

as a pair of forceps in pick¬ 
ing up things. 

The prehensile tongue of 
such diverse animals as 
loads, ant eaters, and cal lie, 
becomes a \er> effective 
substitute for a grasping 
hand, while muscular lips, 
particularly of herbivores, serve a similar purpose in food prehen¬ 
sion. 

Some snakes, with no means for killing their prey when it, is 
overtaken, seize it with their back ward-projecting teeth and swal¬ 
low it. alive. When onre within the mouth il cannot easily be 
ejected or escape, but is forced to inch its way down the gullet by 
the propalinal motion of the jaws. 

Many animals, as for example swans and giraffes, have an elon¬ 
gated flexible neck as an accessory organ of prehension, to aid in 
bringing the mouth into the immediate neighborhood of food. The 
trunk of an elephant, which is a drawn-out nose and upper lip 
combined, is a unique device for reaching food without the neces¬ 
sity of moving the heavy head. 

Certain annelids and starfishes prehend their food by everting 
the pharynx, or the stomach, as the ease may be, which enwraps 
the food and even digests it outside the body. 



Fin. 228. ,\ fish with a piolrusibh* 

mouth, pulling <m insert lai\u out of the 
nunltiy hot tom. (M'lcr tlrssc ) 
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2. TIIE MOUTH APERTURE ANl) LIPS 

The mouth is the architectural centerpiece of the face 
(Fig. 229). The shape and extent of the mouth opening varies 
greatly in different animals, de¬ 
pending largely upon the different 
kinds of food utilized. 

The limits of the oral slit in mam¬ 
mals are set hy the ileshy cheeks. 

An animal without, cheeks, like an 
alligator or a nestling bird, can 
open up the mouth to a surprising 
extent. 

Amphioxus and cyclostomes f ,<; 220. Head of a hippopota- 

«ii mils sliowin” th<* proiiTling faro. 

(Off- I 10) koo,. II..' iiioulli ahva>x (4| . |( . r 1]il/lll>im(T } J 
open of necessity, since structur¬ 
ally it cannot be. closed. In man the slit of the mouth normally 
extends from about the region of the first premolar teeth on one 
side to those' on the other side*, although lhe*re is considerable 
range of indi\idnal variation, as may he* commonly observer!. 

The pulled checks and rosebud mouth of infancy arc muscular 
adaptations for sinking, mammalian characteristics which are* 

largely lost in adult, life* (Mg. 230). The evolu¬ 
tion of chocks in the adult is closely connected 

* 

with the* muscular equipment, for mastication, 
so it comes about that, animals with relatively 
small mouth openings are usually better able 
to chew their food than those with an expan¬ 
sive* opening. Cheeks and chewing go together, 

Pi u. -30. - Tin* for cheeks make possible* the retention of food 

,.r ,, lil.',,nr , | i , ,, ,v (\f- | M , lW(lfM) lhe jrrin.ioj-s. The n-lainiiifr rlieeks of 
1.«t hir Charles Hell.) ' t , 

cattle enable them even 1o chew ‘ up lull 

(Fig. 231). The rolinemenl. of chewing fooel, with all its train of 

anatomical consequences, is a mammalian peculiarity, for it will 

be recalled that lishes, amphibians, birds, reptiles, and even many 

of the lower mammals, swallow their food without chewing it. 

In the higher vertebrates the lips are two movable folds at the 
edge of the mouth aperture. They are covered by skin on the out¬ 
side and moist mucous membrane on the inside. Between these 
two regions there is an exposed transitional zone in man, namely, 
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the red part of the lips, which is extremely sensitive to touch be¬ 
cause of an abundant supply of nerve endings. The lower lip is 

more movable than the upper lip. Atten¬ 
tion to the form and shape of these portals 
to the digestive tube is shared alike by the 
comparative anatomist and the poet. 

3. Bl (.CAL CAVITY 

In the case of mammals immediately 
within the mouth aperture is the vestibule, 
Fig. 231.—Themastirti- or buccal cavity , bounded outwardly by the 



lion plane of a row which 
makes it necessary to chew 
“up hill.” 


lips and cheeks, and inwardly by the front 
face of the teeth and gums. When the 
mouth is closed arid the teeth are in con¬ 


tact, this cavity becomes practically obliterated, but behind the 
back teeth, and between the closed teeth, there is still direct com¬ 
munication with the larger oral cavity within. 

Various glands open inside the buccal cavity. Along the inner 
surface of the lips are numerous small labial glands t hat secrete 
mucus. These glands may be easily 
identified by rubbing the point of 
the tongue back and forth against 
the inner surface of the lips, when 
they will be felt as tiny bunches. 

Other mucus-producing glands, the 
molar glands , open into the buccal 
cavity near t he back teeth from the 
cheeks, while opposite the upper 
molar tooth on either side, is the 
exit, of Slensons duct that drains 
the large parotid gland (Fig. 232), 
from which saliva Rows. This duct 
crosses the masseter muscle and 
penetrates the buccinator muscle in 
its course. It. is not difficult to 
locate the openings of these im¬ 
portant ducts, for if one slicks the tongue into the cheek, and 
psychologically aids the flow of saliva by looking at a freshly-sliced 
lemon, or something that “makes the mouth water,” a tiny stream 
of saliva may be felt spurting into the buccal cavity. 
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Birds, turtles, and monotremes with beaks, have dry cornified 
buccal cavities nearly devoid of glands. No one ever saw a bird 
spit. 

Saliva, containing a digestive enzyme, ptyulin , is produced at the 
rate of as much as three pints a day, usually for the most part dur¬ 
ing the intake of food. Since saliva is 
not stored, the glands need periods of 
rest and recuperation between times of 
accelerated activity. The reader can 
draw his own conclusions about the 
physiological results of the gum-chewing 
habit. 

On t he inner face of the upper lip in 
the middle line, demonstrable by the ex¬ 
ploring tip of the tongue, is a vertical 
fold of mucous membrane which tends _ 

U. hold I lie lip close against the gums. lin(llT toil{?lie . The opramp. 
This is called th e frenulum, and a second of Wharton's duc ts are at the 

one occupies a similar median position baseol the Irenuhim on either 

• a * ,*ii v / 1 <m.)\ aide. (After Cunningham.) 

with relerence to the lower lip (rig. 233). 

In some animals, such as the duckbill, Old World monkeys, 
apes (Fig. 231), gophers, squirrels, and other rodents, tho buccal 
cavity can he stretched into distinct check pouches , which are used 
for the temporary storage of food when its collection occurs under 
circumstances of competition such as to make grabbing as much 
as possible in a minimum of time desirable. Sometimes greedy 

little children demonstrate their prob¬ 
able rise from animal ancestry by revert¬ 
ing to the cheek-pouch met hod of excess 
disposal of food. 

4. ORAL CAVITY 

Behind the buccal cavity and merging 

Fig. 234^—-Lower jaw of into il ’ is ,hc oral an ’ ,7 - v - Tho r00 f of 
ape, showing, cp, lateral this cavity, in higher vertebrates gener- 

cheek pouches; m.in. rnasseter ally, i s the arching palate which has a 

(After 3 Nuluf) ^ niaxilla ’ skeletal foundation of bone, the hard 

palate , in the front part of it, and is 
supplemented behind by a flexible addition of connective tissue, 
the soft palate . 
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The hard palate lies within the upper dental arch and is con¬ 
tinuous with the gurus, that, are rich in hlood vessels but poor in 
nerves, while the soft palale blends with the lateral walls behind 

the teeth, presenting a free, hanging posterior 
border like a curtain, in the region of th e fauces, 
or the gateway leading to the pharynx. 

The posterior border of the soft palale in 
man is still further prolonged in llie median 
line into a soft pointed dangling llap called I he 
uvula, that projects downward and backward, 
and which may easily be seen hanging down in 
the back part of a wide-open mouth (big. 235). 
^ Along the median line of the human hard 

lv, r. , palate, from a point near the upper median 

mouth showing incisor teeth and fading out toward 1 he region 
” v u I» hanging of the soil palale, is a faint ridge, the raphe, 
down 1,1 which indicates that the hard palate is formed 

either side, and the by the union of two lateral eoinponeuts. Jt 
raphe along the mid- mav he fell, in those individuals who still have 
! i ’ R ‘ ,,r r, ;; ,l ri " f il pros,Mil in 11.0 roof of I he _ 

Cunningham.) innulh, by means of the tip /f^K 

of the longue. Y : T 

In many instanees there may also be similarly / 1 

demonstrated a series of transverse folds or / 
ridges a( right angles to the raphe, the jmlulinp / 
rugae , diminishing in size from the region of the \ 

teeth backward. The rugae are more in evidence A \ 

in human embryos than in adults, although they . / r * E£2gy 4\ 
not infrequently persist throughout life. They \! \. 

are washboard-like in character and find their // ^ ^ 

highest development in such carnivores as cats ,.p a j a 


and dogs (big. 236), where no doubt they aid in tine* riclgra in the 
securing a surer grip upon any struggling victim roof H dtig's 
that has been seized in the jaws. mouth. (Alter Ww- 

The surface of the entire palate, particularly 
of the soft palate and the uvula, is beset with numerous palatine 
glands, whose secretion of mucus helps to keep the mouth cavity 
moist. 

The sides of the oral cavity posterior to the back teeth blend 
with the buccal cavity into a common space, while the floor is 
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largely occupied by the bulky tongue, which fills practically the 
entire cavity when the mouth is closed. When the mouth is opened 
wide and the tongue is raised and curled back, th e frenulum linguae 
may be seen in the shape of a fold of connective tissue along the 
niidve.nlral region, that tends to hold the longue down to the floor 
of the oral cavity. Occasionally, when the frenulum linguae is 
overdeveloped in a human infant, such an individual is said to be 
“tongue-tied/’ and a slight surgical operation is necessary before 
the tongue can acquire the freedom of movement essential for 
clear articulation in speech. 

Intending on either side of the frenulum linguae in man, and 

parallel to the lower teeth, is a crescentic fold of tissue, called the 

sublingual ridge. Along this ridge open the several duels of Uivinus 

from the sublingual salivary glands , while at the widest part of the 

frenulum linguae near the lower median incisor teeth on either side, 

are the openings of 11 harbm's duds , that drain the subnia.rillurv 

• 

salivary glands. Thus, three sets of salivary glands, the parotid, 
sublingual, and submavillary. pour their digestive and lubricating 
secretions of saliva into the buccal and 
oral cavities. 

This differentiation of mouth glands 
into various mucous and salivary glands 
common to mammals docs not appear 
among the lower vertebrates. Kishcs, 
which bolt their food without chewing, * 1( " L 2 '*“, J ols< , )n " ,aml 

snake. (Alter Kingsley.) 

do not have digestive; salivary glands, 

while mucous glands, the mission of which is to moisten the food 
in the oral cavity preparatory to swallowing it, are also unneces¬ 
sary and practically absent. 

Among amphibians, living on the border line between submerg¬ 
ence in water and life on land, scattered mucous glands, termed 
intermaxillary glands front their generalized location, make their 
appearance in some instances, while the protrusible tongue, par¬ 
ticularly in frogs and toads, is supplied with lingual glands , secret¬ 
ing a viscous mucus that, aids in the capture of insects and other 
moving prey. 

In reptiles the mouth glands are more grouped and localized, so 
that, it is possible to speak of palatine , lingual , sublingual , and 
labial glands , according to their location. All of these glands pro¬ 
duce fluid that moistens the food and renders the act of swallowing 
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easier, although it is doubtful If they aid appreciably in diges¬ 
tion. 

Poison glands in I he mouth of certain snakes (Fig. 237), are 
transformed labial glands, while those of the only lizard known to 
be poisonous, the "gila monster," Hetodcrma, of the southwestern 
United Stales, are modified sublingual glands. 

Birds, us noted, have a paucity of oral glands. 

In the case of mammals, which usually chew their food to some 
extent, mouth glands of two general sorts are universally developed, 
mucous and salivary, for the double purpose of lubrication, and of 
liquifieation and chemical modification. Mucous glands are es¬ 
pecially essential for herbivores that consume large quantities of 
comparatively dry, bulky food. The action of the salivary glands, 
which is both chemical and mechanical, will be referred to later in 
the consideration of digestive glands in general (sec chart, on 
page 333). 


5. 


TONlitE 


What passes under the name of “longue" in the vertebrate 
series is not always strictly comparable to the “unruly member'” 
in man (or woman), which must be regarded as the outcome of a 
long sequence of adaptations. 

Amphioxus has no longue at all, and the muscular piston-like 
tongue of cycloslomes is such an aberrant, highly specialized struc¬ 
ture that it 

moc 


gives no 
safe clue to the true 
beginnings of this or¬ 
gan among verte¬ 
brates. 

In fishes, however, 
a pr imary toague 
makes its definite ap¬ 
pearance. It is a non- 
mu sen lar eleva lion 
from the lloor of the 
month cavity, consist¬ 
ing of a covering of 
mucous membrane, stretched over a skeletal support of cartilage or 
bone, derived from the framework of the gills (Fig. 238). A pro¬ 
jecting hasihyal cartilage , that lies between the lower jaws of the 



Fig. 238. —Diagrammatic lateral view of the 
skull of a dogfish, showing the splanclinommium 
in black, 'the projecting hasihynl cartilage, the 
most, \cnlral part of the second arch in the dia¬ 
gram, lies between the lower javvs of the first, 
arch, and is the skeletal basis of the Halt's tongue. 
(After Jimmies.) 
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mandibular arch, is the skeletal basis of this kind of a tongue . 
Whatever movement it is capable of is due to extrinsic muscles 
that act upon the skeletal support in such 
a way as to enable it to change position 
but not shape, rather than upon intrinsic 
muscles that modify both shape and posi¬ 
tion. It is also not protrusible, although 
motile enough to aid somewhat in forcing P nrnar y glandularfiei,cp 
back a mouthful of food to be swallowed, 
and, in the case of certain teleosts, is beset 
with prehensile teeth. 

The lower amphibians, such as the per- 
ennibranchiate caudal es, have iishlike 




■ -p. 

t • • ’ V X ’•* . yj 
\: * /i: - * fcfo 


tongues of mucous membrane wit h bony . * ,G * 23<) - Median ™c- 
...... . . ,, * lion through the floor of the 

support. In the higher salamanders the I1UHllh 8howinR lh <> ior _ 

liorseshoe-shaped groove between the mation of the glandular 

primitive tongue to “£ n( '- A, Triton alpes- 

r and Hie low«r jaw /()W 1„ ih<, laiior the 

becomes do valed, gli lul«r Held is cncroach- 

■/ particularly in >»R die primary 

‘ —-»■ V . tongue |.<> form the sei’ond- 

f r o n L, in l.o a ury t(mglJ( , fAfllT n a ii er .) 

glandular field 

(Fig. 2159), in which a glutinous mucus, 
useful in entangling captured insects, is 
secreted. This glandular field gradually 
rises, thus obliterating the original groove 

around the under edge of the primary 

Fio. 240.—Dorsal view | on g lje until finally it becomes inc.orpo- 
— the human tongue, t, n ’ 

foliate papilla*- f.e, fora- rated with the latter as an anterior pro¬ 
men taeeum: fu, fungi- jc(‘tion, forming the so-called secondary 
form papillae; v, vallate / 

papillae. (After IWker.) f m . . 

In the median line at the junction ol the 

primary and secondary tongues, and originally connected with the 

thyroid gland, there is a tubular down-growth, the durlus lliyreo- 


• ■? 


of 


gloss us, that persists in mammals as the foramen caecum (Fig. 210). 

The secondary tongue soon becomes invaded by intrinsic mus¬ 
cles, which greatly increases the range of its movements, and makes 
changes in its shape possible. Of these muscles the genioglossals 
act as protractors, and the hy agios sals, as retractors. In the 
American salamander Eurycea , they become so efficient that the 
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sticky tongue may be shot out a considerable distance and retrieved 
■with incredible speed in the capture of insect prey. 

The secondary tongue of most frogs and toads, which is at¬ 
tached far forward on the floor of the mouth cavity, is retroflexed 
when at rest, so that its point lies backward down the throat. When 
it is flipped out after an insect (Fig. 211) ora slug, it is “swallowed” 
upon its return, along with the captured food, and thus restored 
to its original position. One family of loads, including the genera 
I } ifm and Xrnofws, is named Aglossidae, because in these excep- 

lional animals, the tongue is 
either absent or very poorly 
de\ eloped. 

Iteptiles embryonically pos- 
sess a double tongue, like that 
evolved by amphibians, al¬ 
though with considerable modi¬ 
fication. In turtles and alligators 
it is thick and only slightly pro- 
Irusihlc, whereas in snakes and 
lizards it may become extremely 
extensible. The little wall liz¬ 
ards, or “geckos," for example, can easily lick the outside of their 
transparent eyelids with their longues, while snakes can protrude 
their delicate sensitive forked longues for some distance through 
a median notch in the edge of the lower jaw, without opening the 
mouth. 

The chameleon (Fig. !> ( >), (in arboreal African lizard famous for 
its kaleidoscopic color changes, while grasping the twig of a tree 
uses its long tongue like a lasso in entangling its elusive prey, in 
much the same way as the salamander Euryeea from a position 
on the ground shoots out its tongue. The mechanism in the two 
cases is somewhat different. In Chameleon the bony framework of 
the primary tongue acts as a system of extensible levers to supple¬ 
ment the secondary muscular component of the longue in its 



Kkj. 2-11. Tongue of a toad 
< niching a fly. 


protrusion, which is not the case with Euryeea . 

In birds the bony framework of the primary tongue, which sup¬ 
ports the secondary tongue, is especially well developed. This 
framework consists typically of a median bone or bones, the copula 
(Fig. 212), and two pairs of lateral bones, the hyoids , and the Jirst 
branchials, all of which are relies of ancestral gill arches, its move- 
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ment is facilitated by means of extrinsic muscles attached to these 
bones, the intrinsic muscles of the secondary tongue being reduced 
or absent. 

A woodpecker, whose horny spearlike tongue can be projected 
out of the long beak when impaling a grub in the bark of a tree, 
possesses an elaborate skeletal hyoid appara¬ 
tus attached at I he base of the tongue, which 
when at rest is slowed away in coils on either 
side of the skull underneath the skin. \s the 
longue is extended the springy supporting 
hyoid coils arc straightened out through the 
action of muscles, while the withdrawal of the 
tongue to its original position within the beak 
is accomplished by the elasticity of the hyoids 
which snap back into place like released 
watch-springs that have been temporarily 
straightened out. 

The. mammalian tongue, like that of reptiles, 
is made up of two parts. The posterior part, 
is derived from the bases of the hyoid and first 
two branchial arches, while the anterior or 
secondary longue arises embryonicalIy from a 
median and a pair of lateral swellings and is 
separated from I he primary tongue by a I rans- nppmaius of a hint, 
verse groove, the sulcus lerminalis. F Uramliiol arch i<> 

Jn the human embryo ol about lour weeks ?misc .,<. s < irr a ,, ;irlM . (J; 
of age, the secondary tongue first appears as h, hyoid arch corn** 
an elevation from I lie Door of themoulheavily spending to the pri- 

->" st anloriur to llu* landmark of the ductus "X/Tmsu,- s.,,^ 
Ibyreoglossus. This elevation, which is ho- imposed upon the 
mologous with the ‘‘glandular field ” of the am- primary (origin* (At- 

pliibians, is called the tuUcmihim iniftar (Fig. i<r *' u<as ‘^ 

213). On either side 4 of it are lateral linguae swellings from the 
inner surfaces of the two sides of the, skeletal mandibular arch, 
which meet at this point. These swellings soon increase until they 
completely surround the tubereulum impar, eventually forming 
the bulk of the anterior part of the, tongue. In somewhat similar 
fashion the region enveloping the basihyal, or copula, that is, the 



l 4 'n». 2t2. Tongue 


behind the ductus thyreoglossus, is augmented by additions from 
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A $ B 


Fig. 243. —Suites in the development, of the hunmxi Longue. A , 6 mm. em¬ 
bryo; B, 13 mm. embryo. Contributions from the first three branchial arches 
(/, //, III) are indicated respectively by horizontal parallel lines, dots, and 
crosses; the tnberculuni ini par is marked by circles. (After Arey.) 


Ill e neighboring hyoid and anterior branchial arches, to form the 
“root” of the tongue, or the pari of it lying in the pharyngeal 
cavil,y (Fig. 211). 



Fig. 241.—Floor of the mouth and pharynx of a 7.5 nun. embryo, from a 
reconstruction. L', copula; b\ lurcula; T, tubereulum impar; the swellings on 
either side, indicated by the halo of dots, give rise to the body of the tongue; 


1 ///, branchial arches. (After MclYlurrioh.) 


The tongue of mammals serves many purposes and in conse¬ 
quence of the detachment of its anterior portion from skeletal 
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elements is capable of great freedom of movement. It keeps the 
food between the teeth during the process of chewing, and starts 
it on its way when it is ready to be swallowed. It is also decidedly 
prehensile in many herbivores as already mentioned. Cows, for 
example, can grasp a tuft of grass with the tongue, to be sickled 
oil' against the lower incisors. It is a universal toothbrush giving 
point to the phrase “as clean as a hound's tooth,” and it also 
serves as a currycomb for fur-bearers, while animals like cals and 
dogs that lap up liquids use it as a spoon. Finally, its dorsal 
surface is thickly beset with sense organs of tomb and taste, which 
stand in readiness to receive the password of admittance from en¬ 
tering food. In the human female it measures about three and a 
half inches in length -- when at rest. 


(>. 


TEETH 


Teeth are primarily devoted to the manipulation of food within 
the mouth cavity, to purposes of grasping, cutting or grinding, 
although in some instances they secondarily assume other func¬ 
tions, such as prehension of food, defence, olVence, or even as aids 
in locomotion, as in the case of the walrus which uses its tusks in 
dragging its slippery body oul of arctic water on to ice (Fig. 5 ( >, B). 

The extreme diversity of teeth, adapted to their many uses, 
affords the comparative* anatomist much insight into the manner 
of tile of different animals, while to the palaeontologist they are 
preserved tokens which, like hieroglyphics, aid in reconstructing 
the story of the long-vanished past. 

Teeth are the first hard structures of the body to put in an ap¬ 
pearance during vertebrate development, even before any part of 
the bony skeleton. Although they eventually come into intimate 
secondary relation with the skeleton, they are in reality derivatives 
of the slomodacal region of the alimentary tract, and thus mor¬ 
phologically, as well as physiologically, are a part of the digestive 


system. 

(a) Structure. —In structure a typical mammalian tooth 
(Fig. 107) consists of a crown which projects beyond the gums; 
roots that arc embedded in a socket of the jaw; and the neck, 
which is the transitional region between the crown and roots. 
Inside the hollow tooth is the pulp cavity , harboring blood vessels 
and nerves that gain access through a passage-way usually remain¬ 
ing open at the base. So long as this opening is unobstructed the 



2<>L» 


1UOLOOY OF THE VERTEBRATES 


tooth ran continue to grow, as gnawing troth of rodents do, by 
moans of inside additions of tooth material. In most of the teeth 
of higher \erlobralos, however, the opening of the pulp cavity he¬ 
roines so const rioted that after a certain size is attained growth 
ceases and, as the tooth wears away by attrition on the outside, 

I here is no rest oral ion. 

The solid part of the tooth is three-fold in character. 'The hulk 
of it i> ( Imlinc , or “ivory,*' a tissue, denser than bone hut, like it, 
permeated h> tins radiating canals, due to the fact that the dentine 
material is secreted around the brunches of embryonic cells, the 
ofbulohlush. 

There are four distinguishable grade's of dentine, namely, oslro- 
<Irnlinc , peculiar to the teeth of sharks, in which the microscopic 
tubules that honeycomb it run for the most part lengthwise; 
rus(nlcnlin<\ with radiating tubules permeated by blood vessels, 
characteristic of teeth generally; pliriilcnlmc. intricately infolded, 
occurring in I he teeth of certain fishes, the lizard \ uramis. the 
South African “uard-vark" ( Orycleropus ), and above all in fossil 
stegoecphalian amphibians, to whom in consequence the name 
Labyrinthodonla has been given; and orllio<lailim\ hard, non- 
\aseular. and with tine tubes radiating from the pulp cavity out¬ 
ward, found in the teeth of most of the higher verlebrales. 

Over tlu v crown, wherever exposed to wear, the dentine is pro¬ 
tected by a layer of rmmirl. likewise penetrated by very minute, 
canals in the lower forms but solid and prismatic in structure in 
higher vertebrates. Although not. cellular in itself, enamel is the 
product of cellular activity and is the hardest, densest, most en¬ 
during part of the vertebrate body. 

Outside of the dentine around the roots of the tooth in those 
cases where the tooth is sol in a socket, there is a bonelike sub¬ 
stance, rcnwnl , that takes part in fixing the tooth firmly in place. 
In ungulates the cement extends over the crown. 

The composition of the dentine and enamel in the human tooth 
is given by Owen as follows: 



J)en riNic 

Enamel 

Calcium phosphate and iluoride 

66.72 

80.82 

Calcium carbonate 

3.36 

4.37 

Magnesium phosphate 

J.08 

1.34 

Othei sails 

.83 

.88 

Organic matter 

28.01 

3.50 


100.00 


100.00 
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(b) Development .—About the seventh week in the development of 
the human embryo, certain Malpighian cells of the epidermis 
along the edge of the jaws where the fill are teeth are to be start 
into accelerated activity, pushing down into the underlying dermal 
tissue in the form of the so-called dental lamina (Fig. 215). Along 
this lamina al intervals wherever a tooth is destined later to ap¬ 
pear, groups of invading Malpighian cells proliferate into spher¬ 
ical enamel organs , which lose their connection with the dental 



Ftg. 245. Three stages in the development, of a tooth. A, formation of den¬ 
tal ridge. If aetixilv of amclnhlusls; C,, establishment of dental papilla. The 
epidermis is represented in blaek. (After Parker and Haswell.) 


lamina. I nder each enamel organ a tubercle of mesenchymal cells 
is formed, constituting a dental papilla , and presses the enamel 
organ into the form of a double-walled cup. The inner cells of the 
dental papilla are odontoblasts and secrete the dentine on their outer 
surfaces, thus producing the bulk of the tooth. The cells of the 
enamel organ next- the odontoblasts are ameloblasts. They secrete a 
crown of enamel on the dentine. Meanwhile, capillaries and nerve 
endings invade the dental papilla and occupy the future pulp cavity. 

While the two substances, enamel and dentine, are being laid 
down side by side, the teeth take shape, their crowns eventually 
pushing through the surrounding tissues and emerging so as to 
come into possible contact with the opposing tooth of the other 
jaw. This process of eruption is known as “cutting the teeth.” 
Around the dentine of the embedded roots of each tooth is depos¬ 
ited, through the activity of neighboring mesenchyme cells from 
the derma, the cement tissue , which aids in fixing the tooth in the 
jaw. 

Like the placoid scales of elasmobranch fishes with which they 
are homologous, teeth are compound structures of diverse origin, 
arising from ectodermal ameloblasts, mesodermal odontoblasts, 
and mesenchymal cells. 
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The horny, rasplike teet h of the jawless cyclostomes are entirely 
ectcxlermal structures roinposed of coniificd cells and not homolo¬ 
gous will) the teeth of other vertebrates. 

(e) Number. Lower vertebrates generally have an indefinite 
number of teeth, but in mammals the number becomes definite 
and limited. A reduction in the number of teeth is a mark of 
evolutionary advance associated with terrestrial life, less food, 
more chewing, shorter jaws, and stronger muscles of mastication, 
whereas an increase in the number of teeth, such as occurs second¬ 
arily in dolphins and other toothed whales, may be regarded as a 
reversion to ancestral conditions in connection with aquatic life, 
more abundant food, and less need for mastication. 

There are some toothless species representing every class of ver¬ 
tebrates. Among fishes may be mentioned the sturgeon, \rcipen- 
.s 'cr, and the seahorses and pipefishes (Lophobranchii). Cor r you us 
warlmanni , a whitelish native to Lake Constance in Switzerland, 
is a toothless member of a large family of toothed fishes (Sal- 
monidae), although this aberrant species has transient embryonic 
teeth. 

Toads, and among eaudates Siren at least, are toothless, while 
frogs have no teeth on the lower jaw. Among reptiles tfie entire 
order of Chelonia, which includes turtles and tortoises, are without 
teeth, although in Cbelonia and Trionyx a reminiscent dental lamina 
develops temporarily in the embryo, only to fade away as the 
horny beak becomes ascendant. Several extinct fossil reptiles, for 
example, Oudenodon, Huplanodon , and Plcranodon. are likewise 
known to have possessed beaks instead of teeth. 

All modern birds are toothless. That this condition was not 
always the ease, however, is shown b>> the presence of well-devel¬ 
oped teeth in Arelmeoplcryx , and in the Cretaceous birds of Kansas, 
Hrspcrornis and Icldhyornis (Figs. 15 and 16). Embryonic teeth, of 
which there is ordinarily no trace in birds, have been found in the 
tern, Slerna. 

Among mammals, monotremes are without teeth, also the 
edentates Myrmecophaga and Munis, and the large whales (Mysta- 
coceti). 

A curious instance of hereditary toothlessness in man is reported 
by Thadani * from Hyderabad Sind in India, where there is an 
inbred community in which the males never have any teeth. They 

* Journal of Heredity, Feb. 1921. 


t 
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are called “Bhudas/’ winch means “toothless/' This abnormality 
is accompanied by baldness and extreme sensitivity to heal, and 
the peculiarity follows the well-known laws of Mendelian inherit¬ 
ance, being a recessive sex-linked character. 

All of these widely different toothless mammals, however, fur¬ 
nish embryonic evidence that, with respect to this characteristic, 
they are degenerate descendants of ancestors with teeth. 

(d) Succession. -Most of the lower vertebrates are polvphv- 
of/onl , that is, they have a succession of teeth throughout life. This 
is exemplified particularly in sharks and dogfishes, where the re¬ 
serve “understudy " teeth ma> be seen arranged in diminishing 
rows behind the line in active service at the edge of the jaw. The 
continuous gradation over the margin of the jaw that separates the 
serried rows of elasmobranch teeth from the placoid scales of the 
skin, points unmistakably to a common plan of structure and 
accounts for vertebrate teeth as modified scales (Mg. 107). 

Mammals are typically diphyodonL that is, they have a replace¬ 
ment of so-called permanent teeth following the* first temporary 
milk dentition, which allows the young to chew' their food at a time 
when the jaws are too small to accommodate permanent teeth. 

Certain marsupial embryos show traces of a still earlier denti¬ 
tion located in Hie arch between the milk teeth and the lips. Some¬ 
times in exceptional eases mammals produce an additional partial 
replacement of the “permanent" teeth in late life, making a total 
of four successions, namely, prelucteal, lucteaL definitive , and post- 
definihre , all of which suggests that typical diphyodonlisin of 
mammals has been derived from the polyphyodont condition of 
lower forms. Bulk has pointed out that in diphyodont dentition the 
replacement comes from a different rudiment than that which 
gives rise to the lirsl lacteal dentil ion, so that it is possible to have 
representatives of both dentitions present and on duly at the same 
time, whereas in poly phyodont ism of the lower forms the succeed¬ 
ing tooth in each case arises from the same germ as its predecessor, 
thus preventing the intercalation of one active generation of teeth 
with those of another succeeding generation. 

There is, moreover, a tendency among mammals toward a still 
further reduction to a inonophyodord condition. Marsupials, for 
instance, retain all their milk teeth except the last premolars, 
while certain insectivores, like the moles, Scalopas and Candy turn, 
never cut their permanent teeth. The toot lied cetaceans (Odon- 
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tocoeti), and some rodents, as well as the reptile Sphenodon , may 
also be described as rnonopliyodont. Bats arid guinea pigs have so 
far foreshortened the normal procedure of tooth succession as to 
shed I heir lacteal teeth in nlero , coming into the world with their 
definitive teeth already established. 

It is related of Mira beau, the great, orator of the French Revo¬ 
lution, that he was born witli teeth already cut, which if true must 
have been hard on his nurse. Such an abnormality is said to occur 
as rarely as once out of 15,000 times. 

Ordinarily the eruption of milk teeth is accomplished in about 
two years, although it is not unusual for the second premolars to 
come a half year later. Their replacement by the definitive denti¬ 
tion is in general normally completed at about the end of eighteen 
or twenty years. An individual may carry some representatives of 
the lacteal den lit ion until much later in life. 

Milk teelh dilfer from permanent, teeth by their smaller size, 
whiter color, and by their shape, being more constricted in the 
neck region and having a greater spread of roots in the case of the 
back teelh. 






(c) Siluulion. While the teeth in fishes and other aquatic ani¬ 
mals occur attached to various skeletal foundations within the 
A p q mouth cavity, such as the vomer, palatine, 

A pterygoid, parasphenoid, and even on the 
A IA sides of the longue, on the hyoid and gill 
arches, in reptiles and mammals they are usu¬ 
ally confined to the jaws, although in some 

attachment of tlrth to snakos ’ aml in ^pfienndon, they occur also in 
jaws. A, acnxiont; B, I he roof of I he mouth on the vomer and pala- 
pleurodont; (’, tlieco- bones. 

heim ) ceth of the upper jaw are interspaced witli 

reference to those of the lower jaw. In man 
the large median upper incisors bite against not only the median 
but also the lateral incisors of the lower jaw, and every oilier tooth 
of the upper jaw, except, the last molars, bites against the corre¬ 
sponding tooth of the lower jaw and also the tooth behind it. 

(/) Attachment ,—The manner in which teeth are attached to 
their skeletal support is dependent upon the degree to which the 
roots are developed. 

The simplest type of attachment, termed acrodont (Fig. 246, A), 
occurs in teeth essentially without roots that are held to the edge 
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of the jaw or other skelet al foundation either by fibrous membrane, 
or ankyloscd directly to the bone in shallow pits. SucIi teeth are 
broken off easily and are polyphyodont. In some cases they are 
hinged on by a ligamentous base and may be folded down when not 
in use, as in the pike and hake among fishes, as well as in many 
kinds of snakes. Fishes as well as amphibians are generally aero- 
dont. 

An improvement over the aerodonl method is seen in certain 
lizards, where not only the base but one side of the tooth is in- 



Fig. 247.—Pleurodonl troth on llio jaw of a li/urd. (\fler Ilit.hoimor.) 

volved in attachment to a shelflike ledge along the inner margin 
of the jaw (Figs. 216, B and 217). By this method, which is called 
pleurodonl , the blood and nerve supply enters at the side, as in 
acrodont teeth, instead 
of at the tip of the root . 

The highest and most 
efficient type of tooth has 
well-developed roots set? 
in bony sockets in the 
jaw, a method of attach¬ 
ment known as thecodonl 
(Fig. 246, 0), by which 
the capillaries and nerves 
enter the pulp cavity 

through the open t ips of Fig. 248. * -Teeth of a rodent, (ieomys, show- 
the hollow roots. ing diastema, or toothless space in jaw be- 

Some reptiles are the- tweon inrisors and molars. (Fro,,, Weber, 
f after Bailey.) 

codont, alligators and 

crocodiles particularly, but, this type of tooth attachment is more 
characteristic of mammals, in some of which the teeth have 
progressed much beyond the primitive grasping function, and 
consequently require a stronger anchorage than is afforded by 
either the acrodont or pleurodonl methods. 

The incisor teeth of gnawing rodents are so deeply set in bony 
sockets of the jaws that they become very effective tools, as for 
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example the incisors of the gopher Geo/ttys (Fig. 218). The beaver 
(kislor. in its engineering operations, <;an cut down large trees with 
such teeth. 

(//) Movement .— Various types of movement for teeth set in jaws 
are made possible by the muscles of mastication. The commonest 
type is vertical, or orlhal. movement, which consists in lifting up 
the lower jaw. Just as in a nutcracker, the farther back toward the 
angle of the jaw the work is done, the more powerful is the effect. 

Jn carnivores the back teeth cut past each other like Che blades 
of a pair of scissors. I jugulates which chew the cud with a sidewise 
motion have a lateral method of jaw movement, ental. from within 
outward, oil set ting another method, trial, from without inward. 
Horses and some other herbivorous animals practice a ‘Tore and 
aft movement, promt , from before backwards, as in rodents, 

and [xtlinal , from behind 
' forward, as in elephants. 

In all of these movements 
the offer 1 ive use of the 
jaw inxolves the teeth on 
one side at a lime, those 
of the opposite side being 
temporarily not in contact. 

Snakes with their sharp 
backward-projecting pre¬ 
hensile teeth use the fore 

Fi«. 2W.-A lu.man jn*. sh<.«in K by a,ul ufl to ad “ 

arrows the t wo general f\pes of ialinn vantage in relentlessly 

in teeth from the primiti\e pointed passing along struggling 

teeth represented in hlnek. m, molar; pm, pro- » .. .. . « 

, • • • 1 prev down the throat, n 

molar; i, meisor. 1 

fact it works so automat¬ 



ically that a snake finds it difficult to eject a mouthful, once 
started in the proral-palinal mill. 

In the higher vertebrates still other modifications in the move¬ 
ment of the jaws may be noted. Dr. Ilooton observes that “with 
the shortening of the canines the human stock developed certain 
rotary movements of mastication which may be observed in any 
gum-chew ing stenographer.*’ 

(. h) Differentiation.- A (‘cording to their degree of differentiation 
teeth are described as isodont or heterodont. Teeth when prac¬ 
tically all alike are called isodont , but if they are differentiated 
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to serve a variety of uses, such as gripping, tearing, cutting, or 
crushing, they are known as heterodonl . 

The teeth of primitive water-dwelling vertebrates are commonly 
isodonl, since aquatic animals do not chew. They are usually 
pointed or cone-shaped and adapted to serve as prehensile organs. 
Ordinarily vertebrates with isodonl teeth gulp their food whole. 

In evolutionary history, heterodontism arose along with ex¬ 
perimenting upon a variety of foods and with the consequent 
occasion for chewing. The back c p » s 

• / \ ' I Pa | 

teeth near the hinges of the jaws ^ 

where the leverage' is greatest 

become modified into grinding pre- B ft- 

molars and crushing molars , or 

“cheek teeth,” while the front ^ \J ^ 

teeth, notably in the case of ro- ^ 

dents, become specialized into cut- I / 

ting chisels, or incisors , to di\ide £ 

the food into morsels of convenient -?s /3 

size for the grinding mill of the [j' a-\ ^ 

back teeth. Probably the most ( 

ancestral and least changed of all & (' / 

heterodont teeth are the cone- u 

I i • i , .i Fiu. 250. - -Teeth of Ihe left upper 

shaped canines , between the m- .... . A v 

r jaw ol various carnivores. A, uog; 

risers and premolars, which resem- B, bear; C, marten; I), badger; E, 
ble the pointed grasping teeth of mongoose; F, h^ena; (t, lion. (After 

the isodonl type. On either side of ** <ms 

the canines, as a point of departure, modification has taken place 
progressively and in divergent fashion, as indicated by the arrows 
(Fig. 219), on the one hand toward the flattened, more chisel-like 
type of the incisors, and on the oilier, toward that of the flat- 
topped premolars and molars. 

Isodontism in the dolphin and other toothed whales is shown to 
be secondary by the fact that a fossil ancestral whale, Zeuglodon , 
was heterodont. 




"=v£> 


/A. 




Fio. 250. lYctli of Ihe left upper 
jaw of various carnivores. A, dog; 


The heterodontism of carnivores (Fig. 250) is characteristically 
different from that of herbivores. In the former case the sharp 
edges of the anterior grinders fit past each other like shears, for 
cutting up animal food, the grasping canines are prominent, and 
the back molars tend to become degenerate. In the herbivore type 
of heterodonl dentition the more anterior cheek teeth show' degen- 
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oral ion, the canines being suppressed, while the posterior grinders 
near the hinge of the jaw become flattened and enlarged so as to 
crush seeds, fruits, nuts, and herbage of all sorts successfully. A 
brown bear that, lives largely on herbivorous diet has the back 
molars well developed, while a polar bear, belonging in the same 



Fits. 251.* Solenodont dentition, or molars witli crescentic surfaces of hard 

enamel. 

ursine fraternity but feeding exclusively on fishes, possesses effi¬ 
cient shearlike premolars and degenerate back teeth or molars. It 
is not unlikely that the gigantic cave bear, Ursus sf)eluem, whose 

bones have been found in suspicious proximity 
to those of cave men, was not at all a blood¬ 
thirsty terrorizing beast as has been supposed, 
but a harmless clumsy plant-eater, if we can 
believe the testimony of its teeth. 

Certain of the cheek teeth of carnivores, the 
fourth premolars on the upper jaws and the 
iLrst molar on the lower jaws, have developed 
a special tearing or shearing ability, for which 
reason they are called rarnassial teet h. 

The molars of ruminants present a flat grind¬ 
ing surface further diversified by crescentic 
Fig. 252.- -f, rind- G f projecting enamel, alternating with 

worn, of right upper softer dentine. Since the dentine wears away 
molar of Afric an more rapidly than the enamel ridges, the enamel 
Owen 1 ) 1 * is constantly kept with sharp edges, and at the 

same lime a rasplike abrasive surface on the 
grinding teeth is maintained. Such crescentic-surfaced teeth are 
said to be selenodont (Fig. 251). Similar enamel ridges are present 
on the molars of elephants, the arrangement of which in transverse 
lines instead of in crescents, makes a washboard-like pattern, de¬ 
scribed as lophodont (Fig. 232), that is particularly effective in 
connection with 1 lie palinal movement of the jaws. 
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In man and some oilier mammals, the grinding surface of the 
molars is raised slightly into separate rounded tubercles and, being 
entirely covered with enamel, wears away more evenly. This is 
described as the hunodoni type of teeth. 

It is illuminating to know that, some of the ancestral elephants, 
such as Palaeornastodon for example, were bunodorit, while their 
more specialized descendants of today 
have become lophodont. 

Finally, to add two more “douls” 
to this descriptive vocabulary of the 
teeth, the term hrqchydonl applies to 
teeth with short crowns and com¬ 
paratively long roots, as in man, 
while the term hypsodnnl character¬ 
izes teeth with short open roots and 
long crowns, such as are found in the 



teetli. A, Microconoflon; H, 
I'riconodon; Arnpfnlficrium. 


dentition of the horse, in the tusks Lowe* ^ 

(incisors) of elephants, and the ca- Flo 2S3- _ Plail (>f lnolar 
nines of boars. 

(0 Denial Formulae ,—In the case 

of different species that have hetero- “ rit< ” 01 ' p ’ P° sL(r,or ; 

r iiyporonus or nypocoiud; mtv 

doilt teeth, it is useful to express the Lac, metaeonns or metuconid; 

degree of their diversity in some con- l ,arar » panicomis or paruconid; 

,i , f rr^i • . proloe, prot.oe.onus or proto- 

\eiuent and compac t, form. Tins is ()sllon , 0 

accomplished by means ol denial 

formulae .. For example, the permanent dentition of man may be 

21 . 2.3 

expressed as follows: -----—^ ■» in which the figures above the 


horizontal line indicate in order from left to right the number of 
incisors, canines, premolars, and molars on the right side of the 
upper jaw, while the figures below the line stand for the corre¬ 
sponding teeth in the lower jaw. It is unnecessary of course to 
indicate the teeth on the left side, which are like those on the right 
side except in reverse order. 

The short-tailed monkeys (Catarrhini) of the Old World have 
the same dental formula as man, but the long-tailed monkeys 
(Platyrhini) of the New World have an additional premolar all 


2.1 .3.3 

around, making the formula — ^ ^ 


with a total of thirty-six. 
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Some other dental formulae are as follows: 

3.1.4.3 


hat 


pig ; 


v-w »» 


3 

. 1 

. 3 . 

1 

3 

’ f 

9 

• 1 

, I 

3 

. 1 

. 1 . 

9 

Ami 

3 

. 1 

. 1 . 

7* 

9 

Ami 

. 1 

. 0 . 

1 

3 

.7 

. 0 . 

O 

3 

. 1 

. 1. 

3 

3 ' 

. 1 

. 1. 

3 

0 

. 0 

. 3 . 

3 

3 

. 1 

. 3 . 

3 

rbi\ < 

>res 

. tl 


horse 


3 . 1 . 1 . 3 


bear 


3.1.4.: 

1.4.2 


sheep 7 


0.0.3.3 


skunk 


3 . I . 3.3 

3 . J . 3 . 1 
3.1. 3T2 

I . (K 0 ^3 

1 Vo . 0. 3 ’ 


„ . , 0.2.3 

sq,,,rn>1 r 0 . l . 3 


opossum 


1.3.4 
1.3. l’ 


, 0.0.1 .4 

kangaroo - ■ - 


a toothless space, the diastema (Fig. 218), between the incisors and 
the premolars. Tlic canines are relatively so small in the horse that 
a practical diastema exists, furnishing the space where the bits of 
t he bridle are held. 

(j) Or iff in of the Molars. — 'There are at, least I wo theories to 
account for the origin of the molar teeth in mammals. 

First, the concrescence theory of Rose and others assumes that 
they are the products of the fusion of separate primitive cone- 
shaped teeth. The posterior teeth in the jaw of Sphenodon offer 
evidence in support of this point of view. 

The other and more widely accepted explanation is the differ¬ 
entiation theory of ("ope and Osborn, which postulates the budding 
out and growth of additional contact surfaces, or cusps , upon the 
crown of an originally conical tooth (Fig. 253). "This theory is 
based largely upon evidence presented by the ancestral teeth of 
fossil mammals. It is quite possible that both theories will be of 
use, since they are not mutually exclusive, in reaching a satisfac¬ 
tory conclusion in the mat ter. 

The possible number of definite cusps, or contact surfaces on a 
molar, seems to be six, of which the point of the primitive conical 
tooth, or protoconus , is the oldest. Lateral to the original proto¬ 
conus are two other cusps, the paraconus in the anterior position, 
and the metaconus posterior to the protocoling. These cusps are 
usually connected by a ridge, making the tritnbercular tooth (Fig. 
253, B) which is the typical molar of mammals generally from the 
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earliest representatives clown to Eocene times. Even today the 
mole Chrysorhloris and certain other insectivores, as well as the 
opossum Didelphys , and some lemurs, exhibit this ancestral tritu- 
bercular type, which is well adapted to the business of crushing 
insects. 

When the three “(‘onuses” lie in a straight line parallel to the 
edge of the jaw , the teeth are termed trieonodont, but more often 
the con uses zigzag, assuming a triangular position with relation 
to each other (Fig. 253), in which case they are described as 
trigonodonl. In more highly developed molars additional cusps 
appear, which have been designated as hy/toronus , talonus , and 
crdoconus (Fig. 253, C). All of these descriptive terms ending in 
-us apply to cusps on molars of the upper jaw. The corresponding 
cusps on molars of the lower jute are indicated by the termination 
-id. Thus, in a tritubercular molar of the lower jaw t he cusps are 
protoconid , parueonid , and welaeonid respeclively, of which the 
latter two are on the inside position in trigonodonl dentition, with 
the protoconid toward the outer margin of the jaw', which is just 
the reverse of the relative location of their opponents of the upper 
jaw into which they tit. The seemingly elaborate terminology here 
employed is indispensable to the student, who would make a study 
of the story of mammalian (noth. 

(k) Ltiusiml Teeth. —Sometimes a pair of teeth develop exces¬ 
sively, forming tusks. These may be eit her incisors or canines and 
are more likely to appear in the male than in the female, although 
both sexes of elephants and walruses have tusks. 

The largest known tooth is the tusk of an extinct mastodon 
that is in the American Museum of National History in New York 
City. It weighs over 200 pounds and is more than eleven feet in 
length. 

The wild boar with tusks formed from modified canines of the 
lower jaw r , strikes upward, while the male “dugong,” Halicore , or 
sea-cow of the Red Sea, makes t he effective blow from above down¬ 
ward with tusks evolved from the upper incisors. The “babirusa,” 
Phacochoerus , or wild hog of the Celebes (Fig. 63, B), has four up¬ 
ward curving tusks, which are the transformed canines of both 
jaws, those of the lower jaw piercing the upper lip. 

in general tusks, as well as the prominent cutting incisors of 
rodents, retain at their base a large opening into the pulp cavity, 
thus insuring an abundant blood supply and consequent continued 
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grow th to compensate for the wearing away of the crown to w r hlch 
those exposed teeth are subjected. Such teeth in a way may be 
likened to angora hair in their manner of continuous growth. 

The male narwhal, Monodon (Fig. 72, (!) has lost all its adult 
teeth except the upper left incisor which is prolonged enormously 
into a formidable twisted pikestaff that may reach seven to nine feet 
in length, and with which it rams or impales its enemies; while the 
saw-lish, Pristis (Fig. 1 ( ), (!), which is not a mammal but a sela¬ 
chian, carries a similar weapon in t he form of an elongated snout, or 
rostrum , with laterally projecting teeth along its sides. 

In rodents the chisel-like incisors are faced with enamel only on 
the anterior surface, which being of unequal hardness as compared 
with the dentine that is posterior to if, wears away more rapidly 
behind than in front, constantly leaving a sharp cutting beveled 
edge of enamel. When a rodent is so unfortunate as to break olf an 
incisor of either jaw, leaving the incisor of the other jaw with no 
tooth to wear against, the animal usually meets eventual death by 

A ^ ^ _ starvation because the 

surviving tooth, unhind¬ 
ered in growth, often 
reaches so great a length 
that the mouth can no 

Fio. 234.—Transitory corneal egg tooth of, longer lie properly dosed 
A, alligator; and, h, bird, which is used as a an( | feeling becomes im- 
“ can opener* 1 in hatching out of the shell. (\l- ... 

ter If ilzhcimcr.) possible. 

Among poisonous 
snakes one or two of the anterior teeth may develop into fangs, 
which are teeth that are either grooved or hollow. Whenever a 
fang is struck into another animal the secretion of the poison 
gland at the base of the fang is pressed out through the hollow 
or groove into the wound (Fig. 237). 

A so-called egg tooth (Fig. 231) is present as a transitory structure 
in the embryos of snakes and lizards which are imprisoned within an 
eggshell. It is situated in a median position and projects forward 
at the tip of the upper jaw. The young reptile uses it like a can- 
opener to hatch itself out of the imprisoning shell. According to 
Rose a pair of egg teeth are present at first in the embryo of the 
viper, Vipera , but only one becomes developed sufficiently to be of 
service, and this is shed soon after hatching. There is also a corneal 
egg tooth of horny texture oil the tip of the beak of many unhatched 
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birds, which, although not homologous with the egg tooth of rep¬ 
tiles, nevertheless serves the same purpose. It may sometimes be 
seen still adhering to the lip of the beak of young chicks which 
have just hatched into the world (Fig. 251, B). A similar temporary 
emergency tool is present in the lizard Sphenodoru the crocodiles, 
and turtles, as well as in the monotreines, which are the only 
mammals that hatch out of an eggshell. 

(0 The Trend of Unman Teeth, The teeth of ancient man show 
certain differences from those of man today, which possibly give 
some suggest ion as to the direction of the future evolution of human 
dentition. The jaws in which the teet h are set are becoming shorter 
and less prognathous, with the result that the teeth of modern 
man are more crowded and less regular in eruption. Also decay, or 
caries , is more common in the teeth of modern civilized man than 
in the teeth of his prehistoric ancestors, where it was practically 
unknown. Wiedersheim reports on evidences of decay in teeth 
after an examination of a large number of skulls from various 
extensive museum collections, as follows: Eskimos, 2.5 per cent; 
Indians, 3-10 per cent; Malays, 3 20 per cent; Chinese, 10 per 
cent; Europeans, 30-100 per cent. 

In primitive man the upper incisors came into opposition, edge to 
edge, with the lower incisors, and were frequently worn Hal in con¬ 
sequence, while in modern man there is a tendency for them to shut 
past each other like the blades of a pair of shears, and thus to main¬ 
tain a cutting edge. 


The “wisdom teeth,” or the third molars, so-named by Hippoc¬ 
rates, the Father of Medicine, are apparently (loomed teeth. 
They are the last to appear and the first to go. Frequently they 
remain uncut, or do not develop a grinding surface. In prehistoric 
man, however, they were plainly in evidence, and they are 
unusually well developed in negroes, mongols, and aboriginal 
Australians. 

The upper lateral incisors and the second molars also show evi¬ 
dences of being degenerate structures, failing to appear in a con¬ 
siderable number of cases. 

Davenport* writes of human teeth as follows: “At birth the 
front teeth are already formed with enamel and dentine and so the 
trouble that is associated with these marvelous organs begins. . . . 
The teeth are cut in discomfort, they decay and treatment brings 


* How We Came by Our Bodies , Henry Holt and Co., 1036. 
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pain, tliey are pulled oul with pain. . . Let us be happy that we 
have not so many teeth as the sharks/’ 

IV. Progressive Zone 


1. PHARYNX 


The pharynx includes the stretch of digestive highway from the 
posterior part of the mouth cavity to the beginning of the esopha- 


Nasal pit 



Choana 



^-Esophagus 

in 


Fin. 235.—Diagrams of the evolution 
of the pharyngeal chiasma. A, fish; B, 
amphibian; G, man. The solid arrows 
indicate tin* course of the food, and the 
dotted arrows the course of the air. The 
position of the chiasma in man is pushed 
back as the result of the development of 
the hard palate. (After Wiedcrsheim.) 


gus. While its actual extent 
is relatively small, its diversity 
of function, and consequently 
the degree to which it is modi¬ 
fied in various vertebrates, is 
very great. 

The pharynx serves as a 
point of departure for describ¬ 
ing the respiratory system, 
since among lishes and amphi¬ 
bians il is the region of the 
gilis, as well as the point of 
origin for the swim bladder of 
lishes and the lungs of land 
animals. This aspect of the 
pharynx will be taken up in 
the chapter on Respiration. 
The description of the numer¬ 
ous pharyngeal glands, thy¬ 
roid , paralhy r< >ids, t hv m us, 
epithelial corpuscles, and ulti- 
inobranchials, will also he de¬ 
ferred until the chapter on 
endocrinal glands. 

There are t wo quite different 
streams of material traveling 
through the gateway of the 
pharynx, namely food and air. 


In fishes they enter the mouth together (Fig. 255, A), and pro¬ 
ceed in parallel course without mutual interference, food passing 
straight to the esophagus where it continues on its way, while air, 
dissolved in water, passes out over the gills hanging in the lateral 
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gill slits, which like portholes pierce the sides of the pharynx. The 
paired nasal pits on the snout of a fish do not open into the mouth 
cavity, and have nothing to do with the pharynx or with breathing. 

fn amphibians, the first land forms that possess lungs and breathe 
free air, the nasal pits deepen until they break through into the 
mouth cavity, thereby forming a pair of respiratory passage-ways, 
called choanae (Fig. 255, B). 

These allow air to pass to 
the lungs without theneces- 
sit > of opening the mouth, 
thereby exposing its mucous 
lining to disastrous dry¬ 
ing up. 

As free air is taken into 
the cavity through the 
choanae with the mouth 
closed, it is forced back into 
the lungs by means of the 
throat muscles, a process 
which would be quite im¬ 
possible with the mouth 
open as the air could then 
escape in the wrong direc¬ 
tion. 

Kinbryonically the lungs 
are ventral outgrowths from 
the floor of the pharynx, 
and thus, while the food lakes a straight course from mouth to 
esophagus as in fishes, air, entering the nostrils dorsally, crosses 
the path of the food and is forced veil trail y into the lungs. 

Vertebrates above the amphibians, that is, reptiles, birds, and 
mammals, have developed a hard palate, or secondary roof of the 
mouth, which forces 1 he internal openings of the choanae backward 
so that the crossing of the ways is transferred from the oral cavity 
to the pharynx. This crossing is known as the pharyngeal chiasnia . 

This arrangement necessitates the establishment of various 
anatomical modifications (Fig. 256) that, like traffic officers at a 
busy street crossing, regulate the traffic and prevent confusion, 
although adding materially to the expense of maintenance. The 
epiglottis, for example, is introduced as a trapdoor device to guard 



--Frontal sinus 

■^-—Sphenoidal sinus 
ry—INasophaiynx 

Hard palate 
Oral cavity 
Oropharynx 
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Fig. 256. —Sagittal section through the 
head and throat, to show the pharyngeal 
ehiasrna. (Drawn by Martha VYhitrnarsh.) 
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the entrance into the trachea so that food passing by shall not go 
the wrong way. 

It may be pointed out that if in man air had been made to pass 
through the chin instead of the nose, thus avoiding the pharyngeal 
chiasma entirely, some present troubles at least would have been 

eliminated, although with such a drastic change other difficulties 

*■ 

might have, been introduced. In any ease the pharyngeal chiasma 
clearly stresses the fact, that our anatomical machinery is the in¬ 
evitable result of many successive modifications rather than being 
formed de novo from blueprint specifications. A moral to be 
gained from comparative anatomy, as well as from other aspects of 
life, is that one should seek to make the. best of his inheritance, 
whatever it is, rather than vainly to regret not, having been en¬ 
dowed with perfection in the beginning. The acquisition of adapta¬ 
tions by successive stages, each of which is always dependent upon 
wltuf Ikis gone before , is not only the method invariably followed in 
the phylogenetic establishment, of species, but it is also the only 
way that any anatomical structure in an individual comes into 
being embryonieally. 

In man the. pharynx is shaped somewhat like a funnel, about five 
inches deep, with the wall on its outer side removed. It extends 
from the base of the skull to the level of the sixth cervical vertebra, 
where it narrows into the esophagus. Its three merging irregular 
cavities, one below I lie other may, for purposes of description, be 
designated as the nasopharynx, oropharynx, and laryngopharynx. 

The upper nasopharynx (Kig. 256), which is not concerned with 
alimentary traffic but is entirely respiratory in function, is sep¬ 
arated by the soft palale from the oropharynx below. In general it 
retains a definite contour, since its bony walls are practically in¬ 
flexible. On either side of the nasopharynx opens an Eustachian 
tube from the air-chamber of the middle ear. These tubes are the 
morphological successors of the second pair of gill slits, or the 
spiracles , between the mandibular and hyoid arches of ancestral 
aquatic forms. 

The oropharynx communicates through the isthmus of thefauces 9 
or the posterior exit of t he oral cavity, directly with the oral cavity 
itself, below' which is the base of the tongue that here assumes a 
vertical position, practically reducing the oropharynx to a trans¬ 
verse slit when the mouth is closed. 

On the sides of the oropharynx two masses of glandular, or 
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lymphoid tissue are located, called the palatine tonsils. Lymphoid 
tissue, known as the lingual tonsils , is also found on the vertical 
face of the base of the tongue, w hile upon the posterior wall of the 
nasopharynx still more of this peculiar tissue forms, the pharyngeal 
tonsils, commonly known when enlarged us adenoids. An incom¬ 
plete ring of tonsillar tissue, therefore, surrounds the pharyngeal 
passage-way, of which the part made up of palatine tonsils is the 
most prominent. 

Along with the tonsils there is developed throughout the entire 
pharyngeal region a variety of adaptive glandular and lymphoid 
structures having a wide range of functions, and forming the seat 
of so many complications and troubles, both structural and physi¬ 
ological, that physicians and surgeons specializing in this lield alone, 
have their busv hands full. 

The / uryngopharynx , continuous with the oropharynx, is the 
indefinite lower part of the pharynx between the soft palate and 
the esophagus. It includes the critical region of the pharyngeal 
chiasma, and surrounds the larynx, or voice box. Except during 
the passage of food, w hich slips past down either side of the closed 
glottis , the laryngopharynx is collapsed into a narrow slit. 

Thus it will be seen that, the pharynx as a whole, like a colonial 
kitchen, opens into several adjoining spaces. 11 has communication 
hi fact through seven dilVerent openings, namely, tw T o choanae, and 
two Eustachian tubes in the nasopharynx; the isthmus of the fauces 
in the oropharynx; and in the laryngopharynx, the glottis and the 
esophageal opening. 


2. KSOPHAOIJS 

Over the entrance of the esophagus might well he w rit ten Dant e’s 
immortal line: “All hope abandon, ye who enter here,” for in its 
course the muscles of its walls pass from voluntary to involun¬ 
tary nerve control. Of all the vertebrates, ruminants are excep¬ 
tional in that they have voluntary muscle libers extending the whole 
length of the esophagus and are, therefore, able to regurgitate the 
food-cud at will for more prolonged chewing. 

The esophagus, a short comparatively unmodified part of the 
digestive tube between Ihe pharynx and the stomach (Fig. 237), 
is primarily a sphincter, the office of which is to fonvard food by 
peristalsis along its course to a point beyond normal control. 
The peristaltic action of the walls of the esophagus is well shown by 
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a horse drinking at a brook, for the gulps of water taken in have to 
travel up hill along the neck and their passage is externally visible. 
In the case of a snake the violent peristalsis necessary in swallowing 



Fio. 257. • (Jenoral diagrammatic 
view of the digestive system in man. 
The transverse colon has been out to 


a comparatively large morsel of 
food, such as a frog, is supple¬ 
mented by the muscles of the 
body wall. 

When notin use the esophagus 
collapses to modest dimensions, 
but upon occasion it- is capable 
of great temporary distension. 
There are certain lishes that can 
even swallow another lish larger 
than themselves (Fig. 258). In 
many vertebrates the inner lin¬ 
ing of the esophagus is charac¬ 
terized by expansive longitudi¬ 
nal folds that allow for a sudden 
increase in diameter during the 
act of swallowing, but at other 
limes c‘onIract so that the lube 
may occupy a minimum of 
space. 

The inner lining of the esoph¬ 
agus of marine turtles is beset 
with backward-project ing horny 
papillae, which enable them 
more easily to swallow the slip¬ 
pery seaweeds upon which they 
habitually feed 

The length of the esophagus 
is dependent largely upon the 
presence or absence of a neck. 
In frogs and loads the neck is 


show the duodenum, hut. its course is reduced to a minimum so that a 
indicated Uy dotted lines. (After C.nn- j[y euler ; n( , t , )p mmll] , of oue 0 f 

these auimals finds itself almost 


ninghain.) 


immediately landed in the stomach, whereas in long-necked 
animals, such as the giraffe for example, the esophageal adventures 
of food are much more extended. In adult man the length of the 
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crop 

proventnculus 


esophagus is approximately fourteen inches, the lower end piercing 
the diaphragm to enter the body cavity before joining the 
stomach. It is only this short 
portion within the body cavity 
that is provided with a serosa 
layer of tissue outside the mus¬ 
cular and mucosa layers. 

A noteworthy differentiation 

• 

of the esophagus in birds is a 
lateral enlargement known as Fig. 25ft -A tish iluit lias swallowed 

the crop (Fig. 25<», whirl, may a,10 ' ,,<T lish lar « ,T lh,m 
serve simply as a convenience for the temporary storage of food 
hastily secured in the presence of enemies or competitors, as in 

the case of seed-eaters generally, or 
may be supplied with glands which 
act chemically upon the food eaten. 
Pigeons produce a cheesy nutritious 
pancreas substance from the lining of the crop, 
called “pigeon's milk," that is fed to 
nestlings by regurgitation. The tropi¬ 
cal hoaetzin, Opislhocomus , has a mus¬ 
cular crop which works mechanically 
upon the food that linds lodgment in 
it. A chicken going to roost with its 
^intestine (T() p (Hied with corn, falls asleep un¬ 
hampered hy the continuous effort of 
picking up food and “feeds" all night 
long while resting, as the crop, like 
the hopper of a gristmill, releases its 
contents automatically and periodi¬ 
cally to the glandular stomach and 
grinding gizzard as needed. 

Among the lower vertebrates any 
external line of demarcation between 
the esophagus and stomach is either absent or vague, but in 
birds and mammals there is usually a definite point of transition. 
In many cases it is easier to gain entrance to the stomach from the 
esophagus than to escape from the stomach into the intestine. 



caecum 


•cloacal opening 


Fig. 259.—Digestive tract of 
a hen. 
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3. STOMACH 


r J ho stomach is a conspicuous enlargement of (he digestive tract 
lying bolwoon the esophagus and the intestine (Fig. 260). Orig- 



Fjg. 260. Different stomachs. 


inally, as in some fishes and salamanders, it is spindle-shaped and 
arranged to conform with the general contour of an elongated body, 
but in higher vertebrates it becomes saclike in shape, assuming a 
somewhat transverse position in the body cavity. Between these 
extremes may be found many gradations of form and position. 

The stomach of the dogfish, for example, instead of being a 
primitive straight spindle-shaped enlargement with the entrance 
and exit at opposite ends, is doubled back in the form of a J-shaped 
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tube, with the exit brought to one side near the entrance. Stomachs 
of similar shape occur also in the flounder, haddock, salmon, carp, 
sturgeon, sole, and many other fishes. In fishes such as the perch, 
smelt, herring, bullhead, and whiting, (he loop becomes fused 
along its inner bend in such a way (hat a bag-shaped pouch, or 
fundus , is formed with the entrance and exil broughl near to¬ 
gether al one side. This type of a stomach, when shifted into a 
transverse position, is much like that of man, with a lesser curva¬ 
ture on the upper side between the entrance and the exit, and a 
greater curvature forming the larger contour around the outer 
margin or elbow of the stomach. 

The entrance to the human stomach is somewhat larger than the 
exit and is less distinctly marked off, although the lining of the 
digestive tract itself in the region of the esophagus is easily dis¬ 
tinguished from that of the stomach, even when the external 
transition from one part to the other is extremely vague and 
indefinite. 

The exit from the stomach is closed by the pyloric valve, a fold 
of mucous membrane reinforced by a sphincter muscle, which 
relaxes temporarily for the release of food into the intestine only 
when the stimulative password of proper aeidulation is given. 

The walls of the stomach are muscular enough to insure the 
active movement of the food-mass around and around by peristal¬ 
sis until it has been reduced, t hrough mixture with glandular secre¬ 
tions, to a suitable consistency and degree of acidity. In other 
words, the food is churned and mixed under muscular pressure. 
Then, as it is presented at the closed pylorus, the sphincter muscle 
relaxes, allowing small successive amounts of the mixture, called 
chyme , to slip through into the intestine. 

Amphioxus and larval c> dost nines, which have not gone far 
enough in evolution to develop peristaltic muscles, have, according 
to Sehimkewitsch, the entire digestive tube lined with cilia, the 
mission of which is to keep the food moving along. In the human 
fetus also, as a possible reminder of whence man came, the posterior 
part of the stomach lining is clothed with cilia. 

There is a tendency for the stomach to become differentiated 
into two or more regions, distinguished from each other by location 
and function. Thus, in the J-shaped stomach of the dogfish which 
involves half the entire length of the digestive tract one speaks of 
a cardiac limb and a pyloric limb, while in certain mammals, the 
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mouse for example, a constriction in the middle part of the stomach 
marks off a cardiac chamber from a pyloric chamber. 

Medical literature contains references to (he occasional occur¬ 
rence of so-called “hour-glass stomachs*’ in man (Fig. 261), which 
bear a strong resemblanee to the two-chambered stomachs of mice. 

Certain monkeys (Hylobules and Snnnop if herns) 
show the same feature. Whether such unusual 
structures in man are pathological or ancestral 
is uncertain. 

An extreme subdivision of the stomach is 

Fig. 2(>1. -—So- reached by the ruminants, which have four 

culled hour-glass “stomachs/* although two belong more properly 

stonmrh m man. j () esophagus and to the ealegon of crops 
(Alter VViedcrsheim.) rpi 4 . . • „ 

(rig. 262). I he hrst m order is the paunch, 

or rumen , which is a spacious storage bag for the temporary re¬ 
ception of grass or herbage upon which ruminants feed. From 
the rumen the freshly swal¬ 
lowed food is passed over un¬ 
modified, except as it is possi¬ 
bly subjected to some slight 
maceration, into the “hone\- 
ooinb stomach/' or reticulum , 
that, as its name indicates, 
is lined with many shallow 
pits. This is the famous re¬ 
gion in the camel's stomach 
where is stored reserve water 
that enables these desert ani¬ 
mals to endure prolonged 
peril >ds of dry ness w hei i wat er 
is inaccessible. It is in the 
pits of I he reticulum wall that 
the softened herbage is com¬ 
pacted into cuds to be later 
regurgitated into the mouth 



Ficj. 262.—Diagram of a ruminant 
stomach, with dotted lines showing the 
course of the food. J, esophagus; 2, ru¬ 
men. 3, reticulum; 4, omasum, 3, aboma¬ 
sum; 6, valves that permit, a small slip¬ 
pery cud to enter the omasum, tail which 
are crowded hack against the walls of the 
esophagus by any large unchewed mass of 
vegetation, closing I he groove of the oma¬ 
sum so that the food-mass tinds tempo¬ 
rary storage in the large rumen. (After 
llesse.) 


when leisure from prehensile 
feeding comes, where they are chewed over and thoroughly mixed 
with saliva until sufficiently “Fletcherized” to slip past the open¬ 
ing of the rumen into the “manyplies stomach,” or omasum . This 
third chamber is lined with numerous folds and communicates 
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directly with the true “glandular stomach,” or abomasum , where 
the food is mixed with gastric juices and chemically modified 
before being forwarded into the intestine. 

The vampire bat, Desmodus , exhibits a peculiar adaptation with 
reference to its blood-sucking habits, the fundus of the stomach 
being drawn down into a deep elastic* pouch (Fig. 260). When a 
vampire fastens on to a warm-blooded victim it can fill this spa¬ 
cious reservoir with blood until the entire body is swollen in con¬ 
sequence. 

The cardiac and pyloric regions of the stomach in birds have 
become separated into chambers very unlike each other in char¬ 
acter (Fig. 250). The cardiac, chamber, or promilriculus , which 
opens into the gizzard, becomes a glandular stomach , where the food 
undergoes maceration and chemical modification before reaching 
the gizzard through which it passes to the intestine. The gizzard 
has a thick muscular wall and is lined with a hard secreted coat. 
In this muscular mill food is ground up, instead of by means of 
teeth as in mammals. Gravel, or “gizzard stones,” retained tem¬ 
porarily within the gizzard cavity aids in the process of food attri¬ 
tion. The whole device is a part of the general program of central¬ 
ization of organs which the birds, as adapted flying machines, have 
evolved. The highest differentiation of the gizzard is reached in 
seed-eating birds, and the-least, in birds of prey. 

Among reptiles the crocodilian stomach approaches that of birds 
in its differentiation, since a gizzard-like pyloric chamber receives 
the food after it passes over from the glandular cardiac sac, which 
corresponds to the chemically functioning stomach of other ani¬ 
mals. 

There are at least three general functions performed by the 
vertebrate stomach, namely, storage, mechanical manipulation, 
and chemical modification. 


The advantages of food storage are obvious. Among lower seden¬ 
tary creatures, like sponges and darns for example, there is no 
provision for food storage, in consequence of which feeding is 
practically a continuous process. With the necessity of hunting 
for food, rivalry for daily bread and adventurous escape from de¬ 
vouring enemies become more and more the constant daily pro¬ 
gram of animal existence. The necessity for seizing a sufficient 
supply of food, when it is available, in a minimum of time and then 
retiring to safety or engaging in other activities, is apparent. By 



316 


BIOLOGY OF THE VERTEBRATES 


llam 



iZ m 


p m 


periodic voluntary filling of a storage chamber like the stomach 
with food, opportunity is left for other activities at the same time 

that the involuntary machinery of the body is 
faithfully attending lo the digestive processes 
with meticulous deliberation and care. 

The function of mechanical manipulation , or 
peristalsis, has already been mentioned. By this 
_ means the muscular walls of the stomach churn 
the food-mass mound, mixing it with digestive 
secretions. The movement may actually be seen 
upon a fluorescent screen when an animal like a 
cat, whose food has been mixed with barium 
3 pm sulphate or some other substance that is 

opaque to X-rays, is exposed to their action 
IT (Fig. 263). 

The function of chemical modification is de¬ 
pendent upon the presence of glands in the lining 
of the stomach, which produce secretions of 
various kinds, fn the region of the fundus, gastric 
glands are most, numerous. These produce 
hydrochloric acid and throe kinds of enzymes, 
namely, pepsin , rennin , and gastric lipase , which 
do preliminary service in the chemical reduction 
of prolei its and fats. Pepsin, acting only in an 
acidulated medium, breaks down protein foods 
to simpler compounds: rennin coagulates the 

Fin. 263.— X-ray p r c>|ein casein , a constituent of cheese, out of 

of In*.itrnts ol ft ... , . . . . i. i . , it 

cat's lS t >mach a t rendering it. capable ol being changed by 

succcssi v interxals pepsin into simpler substances that are prepared 

after hcii led with j () undergo other necessary changes farther along 

bismuth subnilrale, 111 J lic 1 rad; finally, paslnc lipase 

whirli is opaque to begins t he work of splitting up fats into soluble 
the X-ray. (Alter f a tty acids and glycerines. 

" 11 n * ft is the hydrochloric acid generously pro¬ 

duced by the gastric glands of dogs that enables them to dissolve 
bones which they crunch and swallow. 

The protein lining of the stomach itself is not digested by its own 
secretions because its component cells are living and thus resistant 
to enzymatic action. It is only when a cell is dead that it yields to 
destruction by gastric juices. This explains how a tapeworm can 
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live and prosper while bathed in the digestive gastric secretibns of 
its host. 

Man is the only animal that hastens the reduction of food to 
soluble form by cooking it. 


V. Degressive Zone 

The intestinal stretch of the digestive trad is a long lane with 
many turnings. In higher vertebrates it is dilVerei ilia led inlo the 
small intestine, or degressive zone, in which food substances passing 
through are diverted into the blood stream, and a shortened part, 
usually of somewhat greater diameter, known as the large intestine , 
constituting the egressive zone from which the unutilized residue of 
the food-mass is ejected. 


J. THE SMALL INTESTINE 

All other regions of the digestive tract are subsidiary in function 
to the small intestine. It is here that the food-mass, which has 
undergone chemical and mechanical modification on the way, is 
finally converted into sufficiently soluble form to be passed over 
inlo the blood stream by osmosis, w hence it is finally distributed to 
the uttermost needy cells of the body. 

In amphibians the entire lining of the digestive tract is composed 
of potentially absorbing .cells, corresponding in function to the 
small intestine of higher forms, with no enlargement that might 
properly he called either stomach or large intestine. 

The straight, comparatively short intestine of cyclostomes, like¬ 
wise undifferentiated into small and large regions, has throughout 
its length a longitudinal fold, the typhlosole , t hat increases its ab¬ 
sorbing surface. 

In elasmobraneh fishes the typhlosole is much longer than the 
intestine itself, with the result that it becomes twisted into a 
spiral calve (Fig. 217). This makes an enlarged surface within a 
very compact space for the diversion of food, since the intestine 
is even shorter than the J-shaped stomach and is not bent. 

A spiral valve is also present in the intestine of dipnoans, cer¬ 
tain ganoids, and at least one exceptional teleost ( Chenocentrns ). 
Twisted coprolites (fossil feces), found with the bones of ichthyo¬ 
saurs, indicate that these extinct reptiles might also have been 
equipped with a spiral valve device that moulded the feces into a 
twisted shape. 
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The ganoids as a class show a different method of increasing the 
intestinal surface by means of pyloric caeca , which are saclike di¬ 
verticula at the junction between the stomach and small intestine 
(Fig. 219). Both spiral valve and pyloric caeca are present in the 
sturgeon, Acipcnser , although poorly developed. 

The next step in the evolution of the small intestine is found in 
the leleost fishes, which have given up the spiral valve idea and 
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gone oxer entirely to the elaboration of pyloric caeca. In some of 
the bon> fishes these structures form a large tuft of tubules, occupy¬ 
ing considerable space within the constricted body cavity (Fig. 
219). They vary in number from one in the ganoid Polyplerus , and 
the sand-lance, Arnmodyfes , to over two hundred in the mackerel, 
Scomber. 

The distinction between the small and large intestine begins 
with amphibians (Fig. 261), also the diversification of the inner 
surface of the small intestine by \illosities, which reach their 
greatest differentiation in the small intestine of mammals. 

The sluggish reptiles as a ( lass have a definite, large intestine 
marked off from the small intestine that joins the stomach. At the 
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junction between the small and large intestines a new' diverticulum, 
the colic caecum , appears (Fig. 220). The colic caecum of a turtle 
is hardly more than a slight enlargement, but. higher up among 
rabbits and some other rodents it may become an enormously en¬ 
larged tube with an internal capacity nearly equal to that of the 
rest of the digestive canal to which it is attached. 

Birds, which have evolved a long way from their reptilian fore¬ 
bears, have a much coiled small intestine, two colic caeca, and a 
large intestine that is decidedly foreshortened, since it is incom¬ 
patible with their strenuous aerial life to carry about the ballast 
of unnecessarily retained feces. The colic caeca are short in pigeons 
and comparatively long in owls. In ostriches they arc* sometimes 
reduced to a single caecum, which is as capacious as all the rest of 
the small intestine, and is made even more effective by the presence 
of a spiral v alv e. 

The small intestine of mammals is usually easily distinguishable 
from the large intestine, a single colic caecum marking the transi¬ 
tion from one* region to the other. Fxceptions an* Trichcchus , Hy- 
raXn and the edentates Dasv/ms and Vyrmerophatfa, which have 
two colic caeca. Monotremes, flesh-eating marsupials, edentates, 
insectivores, hats, carnivores, and toothed whales, either lack or 
have only a single colic caec um, but in herbivores it is so large that 
it may even exceed the be sly in length. 

The degenerate free end of the colic caecum forms the processus 
rermij'ormis in certain rodents, cats, civets, monkeys, and man 
(Fig. 221 ). According to Wiedersheim the* processus vermiformis in 
man, which has outlived its usefulness and bears an unsavory repu¬ 
tation, varies in length from two to twenty-live centimeters, with 
an average* of about eight and one half centimeters. It. tends to 
shorten with age and to become closed in later life. Statistics on the 
closure in 1005 observed cases are given by Muller in percentages 
as follows: 
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Herbivores have a noticeably longer intestine than carnivores. 
The small intestine is divided more or less arbitrarily into duo¬ 
denum , jejunum , and ileum , a distinction which, though first made 
out in man, applies to most other mammals. 

The duodenum , or part next to the stomach, is attached to the 
posterior abdominal wall by mesentery and is comparatively short. 

The jejunum , which follows, is 
longer as contrasted with the more 
posteriorly located ileum , and is 
richer in blood vessels as well as 
having a somewhat thicker wall 
and wider lumen than the latter. 

The characteristic* modification 
of the lining of the mammalian 
small intestine, is the presence of 
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innumerable tiny thickset velvety projections, or villi , which 
enormously increase in a minimum of space the absorbing surface 
exposed lo the dissolved food. In fact these are the definite organs 
of absorption. 

Each villus consists of a thimble-like projection whose thin wall 
of cells contains within itself a capillary loop and a microscopic 
lacteal , or terminal element in the lacteal system (Fig. 265). Fat 
that has been reduced to lower terms in the intestine passes into 
the lacteals and thence to the lymphatics, eventually emptying 
into the venous system by way of the thoracic duct. Digested pro¬ 
teins and carbohydrates are collected by the venous capillaries of 
the villi and carried to the liver by way of the portal vein. 
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In the ileum particularly, the forest of microscopic villi is fre¬ 
quently interrupted by irregular ban' patches from half ail inch 
to three or four inches in extent, which show like worn places in 
the nap of a Brussels carpet. These are the “intestinal tonsils,” 
or Peybrs patches (Fig. 266). They are lymphoid in character and 
it is important to remember that in t yphoid fever the chief lesions 
occur in these areas. Smaller lymph nodes are also interspersed 
among the villi. 


2. GLANDS 

Two conspicuous glands differing greatly in appearance, in¬ 
timate structure, and function, but which are alike in being endo- 
dermal derivatives of the niesodaeurn (the embryonic forerunner of 
the small intestine), are connected with the duodenum just pos¬ 
terior to the pylorus. These are the liver and llie pancreas . They 
are so large that, although they arise' from the inside of the small 
intestine, they push through to extend entirely outside the digestive 
tube itself and come to occupy space within the body cavity. 

(a) I Aver .—The liver is an older organ, both ontogenetically and 
phylogenetieally, than the pancreas. It should not be confused 
with the so-called “liver” of starfishes, crabs, mollusks, or other 
invertebrates, since it is in noway either homologous with or analo¬ 
gous to these structures. 

Contrary to the popular impression the vertebrate liver is not 
primarily an organ of enzymatic digestion, although the bile which 
it provides aids materially in the digestive processes by the stimu¬ 
lative action of the bile sails upon the enzymes of the pancreatic 
juice, and by furnishing a favorable alkaline medium, without 
which the digestive enzymes produced by the pancreas fail to act. 
In the bile itself no enzymes are produced. 

The liver, which lias been characterized as the “busiest poft 
on the whole river of life,” is so voluminous that in man it may 
easily contain one fifth of all the blood, while several times an hour 
the entire blood supply of the body passes through its myriad capil¬ 
laries, undergoing there profound modifications by way of addi¬ 
tions and subtractions of constituent substances in the blood. 
Thus it acts like a strainer of the blood, storing sugar-fuel (glyco¬ 
gen) during working hours and restoring it to the circulation when 
the muscles need it; balancing the circulating food ration generally 
by withdrawing and restoring certain constituents; eliminating 
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buctoriii ,* turning poisons into harmless Wdslcs, abstracting nitrog¬ 
enous by -products from protein compounds lo bo disposed of 
through the kidneys; and bv drenching: the intestine with the in- 
disponsablealkaline bile. No wonder l)r. Woods Hutchinson said 
of the liver: “ 11 is all together the most useful and desirable citizen, 
and wit hall a cheerful and even convivial one, mixing our drinks, 
pulling Ibe slick into our vilaruiu cocktails, and the sugar and 
cream into life's entice/’ 

The bile is a bitter alkaline fluid, about ninety per cent- water, 
tinged with pigments from the. wreckage of red blood corpuscles 

and containing salts, both organic and inorganic, 
besides waste, materials of different kinds. It is 
formed continuously in the liver and is poured 
at food-taking intervals into the duodenum 
through the bile duct, (Indus choir doc I ms (Kig. 
2h7), where it mingles with the food-mass upon 
I he escape of the latter through I ho p> lorus into 

Fiu.2C I)i; i- the intestine. The bile, which may amount to a 

grant «>M In* li v n* pint nr pint and a half daily, contributes 

lir (dio a materially lo the excreta that pass out of the 

cholcdociil <1 in i. alimentary canal. When an excess of bile is 
iilbgitll til.’idd<'i, produced it may temporarily be stored between 

duVi'. OVfl.T ) I"“ ,,<kIs n) aclivily, lt> hackin'; up into 

the (jail bladder , a reserv oir-like enlargement of 
the bile duel. Thai part of tin* bile, duel that drains the liver is 
called the he/xtlir dud as (listinguished from the cystic dud that 
comes from the gall bladder. Whenever these, two duets join to 
empty into the intestine the common bile duct thus formed is 
calk'd the dud us chotedochns , a name that has the same root as 
“melancholy " and “choleric," words descriptive of conditions for 
which the misunderstood liver has been held responsible by the 
popular mind in the past. 

The choledochal duct and the duct of the pancreas open together 
into I he duodenum of the horse, dog, cal, ape, and man, but 
separately in the pig, o\. rabbit, and guinea pig. 

The gall bladder, which seems lo be an emergency device for 
animals that digest a considerable amount of fatly food, is absent 
in many plant-eaters. Its total absence, as well as the abnormal 
presence of two gall bladders, has been noted in man. Its normal 
capacity in man is about an ounce and a half. 
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“ Gall stones,” which are found in the gall bladder in about 6 to 12 
per cent of autopsies, are concretions of solid bile, frequently with 
the addition of limy deposits, in which case they may be detected 
by the X-ray. If large they are comparatively harmless, but while 
small they may block the ducts, thus causing the bile to be re¬ 
sorbed and passed back by way of the lymphatics into the blood 
stream, a condition that results in jaundice. The cystic duct 
especially lends itself to such obstruction, since it is muddied 
within by mucous folds forming the I historian ralre % which makes 
blocking the passage-way easier than would be possible if the 
lumen were entirely open. 

Moreover, the choledochal duct penetrates the wall of the in¬ 
testine at. such a slant that continued pressure' from within, such as 
often results from prolonged constipation, may mechanically close 
1 lie duct temporarily, causing abnormal disposition of the bile. 

The liver is an adaptive space-filler, weighing about one fortieth 
of the total body weight, and consisting usually of two or more 
lobes. Its shape and size are con¬ 
ditioned first by the abundant 
blood vessels, nerves and liga¬ 
ments, or connective tissue attach¬ 
ments; second, by the neighboring 
organs which crowd it;apd third, 
by the, confining walls of the body 
cavity and the diaphragm. With 
every breath that expands the 
neighboring lungs, and because of the uneasy peristalsis of the 
stomach and intestine pressing upon it, the flexible lobes of the 
liver are constantly slipping slightly over each other, changing 
meanwhile, somewhat in shape in accommodation and adjustment 
to the varying conditions of available space. 

In mammals the, two larger lobes are separated by the umbilical 
fissure , as determined by the round ligament representing the atro¬ 
phied remains of the umbilical vein. A large portal fissure marks 
the gateway for I he blood vessels, ducts, and nerves that pass to 
and from the liver in adult life. 

In histological structure the liver is made up of glandular cells 
arranged as tubules in close contact with capillaries (Fig. 2b8), 
that together have an elaborate system of drainage ducts and an 
adequate nerve supply. The whole mass of tubules and capillaries 
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is embedded and encapsuled in a supporting network of connective 
tissue, with baudlike bridges for attachment within the body cav¬ 
ity, as well as for safe convoy of blood vessels, ducts, and nerves. 

\long the approximated sides of neighbor¬ 
ing polyhedral gland cells that form the walls 
of the tubules, appear tiny intercellular spaces 
or grooves (Fig. 269), like the spaces between 
the fingers and knuckles when two fists are 
Fjo. 26<). I)i7i- placed together. These are drainage ducts, 
gram of four adjacent which are formed as indenting intercellular 

liver cells. (b vom grooves permeating the entire liver mass, and 
Jordan and rer^u- .. ... . , 

sun, niter Merkel) compounding with others m an ever enlarging 

array until they finally emerge as the single 
large outlet of the hepatic duct. The system of capillaries that 
enmeshes the gland cells is independent of the rneshwork of 
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drainage tubes. 

The blood supply of the liver is unlike that of other organs in 
that there are two sources from which it is derived, namely, the 
hepatic artery which brings blood from the 
heart in the same way as all organs of the 
body are supplied, and the portal vein , that 
comes freshly laden with dissolved food from 
the intestine*. The capillaries derived from 
both of these source's hopelessly lose their 
identity as they anastomose within the liver 
to form the hepatic reins , which drain the 
blood of the live'x into the heart . 

Knibryonically the Hvct is a hollow ventral 
outgrowth near the beginning of the intestine 
just anterior to the embryonic yolk sac (Fig. 

270), between the two vitelline veins. It lies 
at lust between two layers of ventral mes¬ 
entery in the transverse septum from which 
the muscular diaphragm is in part produced, 
but eventually it becomes so large that it projects some distance 
into the body cavity, pushing a covering of endothelial serosa 
with it. 

An endodermal outgrowth from the gut- itself becomes the secre¬ 
tory glandular part of the liver, and this soon becomes enmeshed 
with the vascular mesenchyme from the transverse septum and 
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neighboring blood vessels, to form the liver tissue. As the mass of 
this tissue grows forward, particularly in the anterior or cranial 
region of the transverse septum, the poslerior or caudal region, 
which is at the primary point of origin, develops the ducts and gall 
bladder. 

In amphioxus the liver remains a simple, single sac projecting 
forward (Fig. 1 !), that is beset with capillaries which bring food 
from the intestine, much as in the early embryonic phase of higher 
forms. It is lined with ciliated glandular epithelium and probably 
secretes a digestive iluid. 

Typically the liver of most vertebrates has two lobes, although 
lampreys and snakes, perhaps on account of their elongated body 
form, have only one lobe. The liver is relatively larger in carnivores 
than in herbivores. In Anamnia, or lishesand amphibians that have 
no amnion, it is larger than in Amniota, or those with an amnion, 
that is, reptiles, birds, and mam¬ 
mals. This fact no doubt is con¬ 
nected with the presence of more 
fat in the diet of the former in 
each case. In certain carnivores, 
such as dogs and weasels for ex¬ 
ample, there are as many as seven 
lobes present. 

In man live lobes are described. 

The right lobe is the largest, con¬ 
stituting about four-lift I IS of the Fin. 27 J. -Origin of pancreas and 

.* i m 4 t i liver. (After Schimkewitsch.) 

entire mass, while the wedge- 

shaped left lobe, which is next in size, is separated from the 
former by the ligamentum teres. On the inner aspect between these 
two major lobes, a square quadrate lobe lies near the gall bladder, 
while the Spigelian lobe , connected with the small caudate lobe , 
spreads between the postcaval and portal fissures. 

(6) Pancreas. —The second largest vertebrate gland, the pan¬ 
creas, is a compound alveolar gland of irregular shape lying in the 
fold between the stomach and the duodenum, and projecting into 
the body cavity from the point of its embryonic connection with 
the digestive tube, although in the lamprey, Pelromyzon , and in 
certain teleosts, it may remain embedded in the wall of the in¬ 
testine. 

It arises as one or more endodermal outgrowths from the 
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embryonic gut just posterior to the liver. These outgrowths are 
ordinarily three in number, of which one is dorsal and two are 

ventral in position (Fig. 271). The two 
ventral purls fuse toother into a common 
gland, while I lie ducts formed at each 
. point of outgrowth may either persist, or 

duct °f_ Sank onni as is more often the case disappear with 
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ventral pancreas 
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the exception of one (Fig. 272). The ducts 
of the ventral components are called 
\\ irsung's duels, while that of the dorsal 
pancreas is named the duel of Santorini. 


Fhj. 272. I )iii‘(r;im of In some forms I hey unite eil her with each 

tin* (inutile |tiinrmi> in a other to make a eovnmon duel, or with 
human embryo ol ( n e . ... . , , , 

works. Tin* duet of Wir- I he bile duct. In lampreys all of the ducts 

suny j)(*i sisi s ms ilu* per- are lost, t he secret ion of the pancreas con- 

inii!!<”'j puTHTciitic (luct. sequent ly becoming entirely endocrine, 

(Min Kollmann.) that is, distributed hy the blood rather 

than poured directly to the outside or into some passage-way 
leading to the outside. 

A curious modification of the pancreatic apparatus which not 
infrequently appears, particularly in the cal, is a pancreatic blad¬ 
der , or reservoir-like 


enlargement of the 
pancreatic duct for the 
temporary storage of 
excessive secretion, an 
emergenev organ quite 
comparable with the 
gall bladder that 
serves similarl.v as a 
storage reservoir for 
the bile of the liver 
(Fig. 271). 

In general it may be said that the pancreas is a gland of dual 
character since, in addition to its production of pancreatic “juice” 
which is poured into the intestine through ducts, there are 
present in the pancreatic tissue certain distinct interlobular 
cell aggregates, also eudodermal in origin, called the islands of 
Langcrlians (Fig. 273). These secrete substances (hormones) of 
a character quite different from the pancreatic juice itself, which 
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arc carried io all parts of the body through the circulating 
blood. The islands of Langerlians vary from single interstitial cells 
to masses of several hundred. They are more abundant, late in 
life than in youth, appearing in man when the human embryo is 
only about 51 mm. in length. It is esti¬ 
mated that in the pancreas of the guinea 
pig there may be present, as many as 
25,000 islands of Langerlians. 

Which of these two kinds of secreting 
glandular cells, the endodcrmal out¬ 
growths from the embryonic gut or the 
islands of Langerlians, represents the 
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original pancreatic tissue, and whether (\||, T Uo- dm) 

one lias or lias not been derived from the 

other, is still a matter of controversy. It may be pointed out, 
however, that the islands of Langerlians are invariably present in 
all true vertebrates, and are undoubtedly early settlers if not the 
first inhabitants, whereas enzymatic secreting cells are wanting in 
certain vert (‘brutes. 

There is no trace of a pancreas in amphioxus, and in elasmo- 
branchs only the dorsal pancreas develops, with its ductus San¬ 
torini. In sturgeons the pancreas is made up of two dorsal and two 
\en1ral components with only the right ventral ductus \\ irsungia- 
nns remaining. The pancreas of bony fishes and lower vertebrates 
generally is primitive in character, being widely dilfuse and ir¬ 
regular in form. Among mammals there is also a great, variety in 
the form, position, and size of this important gland. A single, sur¬ 
viving embryonic pancreatic, duct is found in man, Wirsuug’s duct, 
connecting with one of I lit', v (Mitral embryonic components. 

The activating substance, or hormone, that is diverted from the 
islands of Langerlians into the blood has to do with the utiliza¬ 
tion of sugar in the tissues. Its failure to be produced in sufficient 
quantity results in diabetes, or the condition in which sugar is 
eliminated unused through the kidneys. 

The substances secreted by the pancreas proper and eliminated 
through the duets into the intestine are enzymes, which are essential 
in speeding up the chemical action begun in the intestine. 

The principal enzymes in the pancreatic juice that aid in the 
digestive process are three, namely, am y tops in, which like the ptya- 
lin of the saliva acts in making carbohydrates soluble; trypsin , 
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which modifies proteins; and steapsin, which breaks dow r n fats into 
simpler fatly acids and soaps. These three important digestive 
enzymes, therefore, are prepared not only to transform chemically 
the three fundamental kinds of foods, carbohydrates, proteins, and 
fats, but also to render them fit for transference through the blood 
to all parts of the body. 

In man about a pint and a half of digestive pancreatic juice is 
poured daily into the intestine. 

( c) Intestinal (Hands — In addition to the liver and pancreas, the 
secretions of which are mixed with food materials in the duodenum, 
there are numerous smaller glands occupying the walls of the in¬ 
testinal tract, that, likewise make chemical contributions essential 
to digestion. An intestinal juice that has been given the blanket 
name of suerus entericus combines the products of these glands. 
Among mammals there are at least two kinds of intestinal glands 
that contribute to this juice, namely, Brunner s glands in the an¬ 
terior end of the duodenum, and the glands of Lieberkiilm , which 
are vastly more numerous, being embedded throughout the entire 
length of the small intestine in its walls. The multitudinous tiny 
glands of Lieberkiilm lie not only around the bases of the villi 
that carpet the inside of the intestine, but also occupy the walls of 
the sunken pits, or crypts , which are interspersed among the villi 
like deep gorges among steep mountains (Fig. 265). 

In the epithelium of the small intestine there is produced, under 
the chemical stimulation of the acidulated chyme that escapes into 
the duodenum from the stomach, a hormone called pancreatic 
secretin , which is carried by the blood to the pancreas where it 
excites that gland into activity. This reaction occurs only when the 
acidulated food-mass, or chyme, enters the intestine from the 
pylorus, otherwise, if continuously produced, the pancreatic juice 
much of the time would be wasted, not having any food on which 
to act. 

In addition to the major pancreatic enzymes, amylopsin, tryp¬ 
sin, and steapsin, the succus entericus harbors other enzymes 
which play a part in the complicated chemical preparation of the 
chyme for its transfer to the blood. 

Most, food material owing to its colloidal nature is inert and in¬ 
soluble when taken into the digestive tract and cannot be directly 
transferred by osmosis to the circulating blood. Even water and 
inorganic soluble salts that undergo no metabolic alteration in 
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passing through the body, temporarily join hands with other sub¬ 
stances in various combinations. 

The army of enzymes , which arc “substances of indefinite com¬ 
position whose existence is known to us only by their action on 
other substances,’’ play an indispensable role in making foods dif¬ 
fusible and available for use. Energy-producing carbohydrates, 
for example, if not taken in primarily in the form of soluble mono- 
saceiiarids, must be made soluble by enzymatic action. Such 
enzymes as ptyalin in saliva and amylopsin in the pancreatic juice, 
change insoluble starches into soluble sugars. 
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The, complex proteins have two fundamental uses, namely, pro. 
duel ion of energy and restoration of tissues. As with carbohy- 
(I rat os, f>roloins must firs! be reduced lo soluble form by tbe action 
ol oiix} ine.s before I hey can be oxidized (o produce energy, while to 
restore worn-onl (issues (he diverse complex molecules (hat moke 
up proteins must be broken down and reassembled into the specific 
kind of molecules that are (he building blocks which go lo form the 
different body tissues. "This process, like* wrec king an old house to 
build a new one. (‘ails for a succession of breaking-down operations, 
each dependent on a d'liferent enzyme. 

In the disposition of insoluble fals two tilings can happen, they 
may lie emulsified or e.lse broken up into soluble fractions. 

Eats are said lo be emulsified when mechanically broken up into 
particles of oil so small that each hangs suspended in a watery 
medium. Milk is such an emulsion of fat. In this condition fats 
are borne away as cliy/c from the intestine through the lacleuls of 
the villi (tig. 265), so-called because of their milky appearance, 
to ariixe eventually in the blood stream. Eats which are chem¬ 
ically broken down into soluble fat In acids and glycerines, by such 
enzymes as steapsin in the pancreatic juice, arc transferred directly 
lo the circulating blood. 

Enzymes and what they do, a subject so appalling to the lay¬ 
man, furnishes the happy hunting-ground for the physiologist. A 
list of the principal enzymes concerned with digestion has been 
prepared by Burlon-Opit/, as shown on page 529. 

\ f. Er.mossivK Xom; 

The large inlrslinr constitutes the egress! v e portion of the diges¬ 
tive tract through which tin* residin' of the food-mass is forwarded 
lor expulsion after the usable part has been diverted through the 
walls of the small intestine into the circulating blood. Its dimin¬ 
ished importance in the essential work of the digestive, tract may 
account in part for the relative* absence of structural modifications 
designed to increase its inner surface*. 

Except in the embryo it is without the villi which characterize 
the small intestine, and although Lichcrkiilm glands are present, in 
lessening abundance along its lining, vvhate*ver glandular secretions 
are present are*, not so much concerned with chemical digestion as 
with mechanical lubrication of the feces from which the water 
content has been largely withdrawn. 
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The large intestine in man, which is about five feet, in length, is 
(lilferenlialed into the colon , with ascending, transverse (from right 
!<> left), and descending portions, and finally the rectum* ending at 
the anal openiny (Kig. 257). The colic caecum and the processus 
vermiformis, already mentioned, properly belong to the large in¬ 
testine, although they occur at the junction between the small and 
the large intestine. The same parts characterize the large intestine 
of many mammals but are not so distinctive in other vertebrates, 
since only the rectum of mammals is homologous with the large 
intestine of lower vertebrates. In the pipefish, Synynuthus , the 
stickleback, (iastcrosleus , and some other fishes the “large intes¬ 
tine'' is act nail v smaller than the small intestine. 

In man the colon, which is looped around the small intestine 
(Fig. 257), is characterized by three bands of longitudinal muscles, 
the teniae roll , that pull this part of the intestine together so as 
to form three rows of pouches, or hausira , along its entire length, 
a modification present in varying de¬ 
gree in the large intestine of other 
mammals. \(tached to the external 
wall of the hausira there are also nu¬ 
merous small processes of connective 
tissue, often distended with fat, called ac / « * 

the glandular epiploicac (Fig. 225). but * / 
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neither the hausira nor the gland lilac, 
epiploicac ext (Mid to the rectum. 

In birds the rectal region of the large * OW(T p» rl °f tin* rectum, split 

. , . , ,, , * *. open I o show anal \alv<*sand 

mtosluic' is notably minced. Sinn* U S[)lljm . ( , r musH( , 

is a disadvantage for these aerial crea- canal* a.\. anal valves; re<\ 

lures to carrv about an unnecessary rectum, sp in, sphincter mas- 

• *< 

weight of useless local material, the 
provision for its temporary retention 
in a large intestine is curtailed, the excreta being disposed of as 
rapidly as assembled. 

In some lower vertebrates, including mono!rentes among mam¬ 
mals, the rectum opens into the cloaca , which is a post anal cham¬ 
ber receiving not only the feces from the digestive tube but also 
contributions from the genital and urinary ducts. 

The rectum ends with the antis , which is kepi closed by a sphinc¬ 
ter muscle under the control of the will, unlike other circular 
muscles of the digestive tract that accomplish segmentation and 
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peristalsis under involuntary control. The inner walls of the rectum 
in man are modified by two or three transverse crescentic shelflike 
folds, the anal valves (Fig. 275), which are doubtless adaptations 
to creel posture, since they are absent in quadrupeds where the 
feces do not weigh against I lie anal sphincter. 

The alimentary canal is connected with the mid-dorsal line of 
the body wall by a bridge called the mesentery for the passage of 
nerves and blood vessels. This is a thin double sheet of membrane 
and a continuation of the lining of the body cavity, or peritoneum . 

Melchnikof, as well as others, has pointed out. that the large 
intestine in man, particularly in the rectal region, is a danger zone, 
a veritable “sewage swamp,” because bacteria of various kinds 
flourish upon the undigested residue of the food retained there, 
contaminating the body constantly with the fermentive and toxic 


by-products of their metabolism. In one tabulation of 1118 cases 
of cancer of the alimentary tract, eighty-nine per cent were located 
in the susceptible region of the rectum. 

There are some obvious advantages to mankind in possessing a 
voluminous large intestine and reel uni where excreta may be held 
temporarily so that their evacuation may lie timed and controlled 
more readily than in the case of Hying birds, although the disad¬ 
vantages are far from negligible. It is somewhat diflicult to see 
how so unfortunate an evolutionary acquisition could have been 
fostered by natural selection, but the fact that it reaches its greatest 
elaboration in herbivorous animals, w here it is still useful in caring 
for plant foods rich in cellulose, may give some hint of why such a 
danger zone came to be acquired and preserved in man. 


VII. The Essentials of Digestion 

A summary of the principal chemical adventures of food during 
its passage through the digestive lube is shown in the appended 
diagram (Fig. 276). The blood stream receives the food from the 
small inlestine after it has been reduced to absorbable liquid form. 
This reduction although partly mechanical most of all involves a 
chemical breakdown into less complex substances, a process actu¬ 
ated by enzymes. 

The irregular lines in the diagram indicate the particular glands 
from which each enzyme arises, and, at the wavy interval on the 
line, the general locality in the digestive tract where it is effective, 
and also the kind of food involved in each instance. 
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In conclusion it may be observed that when a hungry person sits 
down to a dinner table and surveys the viands spread before him, 
he rarely lakes thought of all the necessary preliminary work that 
has made the occasion possible. Producers, handlers of raw materi¬ 
als, and an army of middlemen, as well as the manipulations of a 
cook, must at least be taken into account, yet in spite of all the 
detailed processes of preparation that have been involved, they are 
not a circumstance to what happens to the dinner in the twenty- 
five feet or so that it travels after it has been swallowed. 



CHAPTER XII 


INTERNAL TRANSPORTAT ION 
(CIRCULATORY S Y S T EM) 


I. In (General 

Tiie circulatory system is (ho mechanism that allends to trans¬ 
port at ion within the organism of various suhstances needed lor its 
sustenance. 

Not only are food, water, and air taken into the animal body, 
hut. these indispensable substances must be distributed to every 
living cell wherever located, otherwise life would cease. Each living 
cell is a laboratory in which the chemical processes necessary for 
its existence are performed. .Moreover, waste products, inevitable 
in the metabolic processes common to all living things, must be 
collected from every nook and cranny of the body for elimination, 
and transported either directly to the outside or indirectly by pas¬ 
sages leading to the outside. 

In microscopic unicellular animals internal transportation is ac¬ 
complished by the movement, of the cytoplasm within the cell itself. 
It is easy to see how small particles of food materials, once intro¬ 
duced into a protozoan lik vAmocIni for exam]>le, whose cell contents 
How around like cold molasses, may shift their position within the 
cell body. This intracellular cytoplasmic movement, which is the 
simplest kind of a circulatory system, is entirely adequate for 
bodies of microscopic mass. It persists, moreover, as the final 
essential phase of circulation even in organisms built up of count¬ 
less cellular units, since intake materials must not only reach each 
individual cell, but must also become incorporated and circulated 
therein as well. 

In multicellular forms most of the component, cells do not have 
direct surface exposure to the environment. The only way, there¬ 
fore, that food, water, and air can enter the deeper cells of such 
organisms and penetrate to their ultimate parts, is either through 
or between the cells that form the body. The passing of materials 
through by osmosis from one cell to another is a slow and indirect 
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method; also the ultimate (‘ell in the series receives only what is 
left after all the intervening ones have taken their toll. Conse¬ 
quently it is a great improvement when passage-ways are opened 
up between the cells so that materials may he forwarded freely, 
thus arriving at the ultimate cells directly and easily without re¬ 
peated osmotic manipulation. The same sort of an advance in 
efficiency is seen when fire-lighters substitute a hose line for a make¬ 
shift hand-to-hand “bucket brigade.” The circulatory system 
proper may be briefly d('scribed as consisting of a net work of pipe¬ 
lines throughout the body, together with a fluid vehicle in lhe form 
of blood and lymph for transporting the various materials necessary 
for the life of the organism, and lastly, a mechanism for propelling 
these fluids through the channels of distribution. 

II. Blood and Lymph (The Caiuueks) 


I. t’SES OF THE BLOOD 

Mephistopheles, in (ioethe's Faust, is biologically quite right 
when he exclaims: “Hint wt ein gunz hcsondcrer Safi!" (Blood is 
a very peculiar fluid!) 

In the lirst place it is not a lifeless fluid incapable of metabolic 
changes, but a circulating tissue , made up of detached living cells 
floating in a liquid plasma. "Hie fact that it. moves about marks it 
off distinctly from all other tissues. It is conspicuously kaleido¬ 
scopic in character, changing constantly in its intimate composition 
as it passes through the different parts of the body, for it is not 
only the common carrier to the various tissues of everything need¬ 
ful for their maintenance, but also the collector from the tissues of 
the products of metabolism, such as carbon dioxide and soluble 
nitrogen compounds. 

In the last analysis cells of every kind within the animal body 
sooner or later contribute something to the blood and receive some¬ 
thing in return, so that the blood reflects the entire metabolism of 
the body. In spite of this fact its component parts are normally 
kept at nearly a constant level. When serious deviations occur, as 
in the excessive loss of water from the blood during cholera, or the 
diminution of the number of blood cells in anaemia or hemorrhage, 
pathological consequences are sure to follow. 

In general the following functions may be performed by the 
blood. 
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(a) Equilibration of Water Content. —Water is the fluid universal 
that facilitates the internal transport of materials, making good 
losses by evaporation and otherwise, as well as preventing the 
drying lip of tissues. It is also the great solvent of all sorts of 
substances in the food and throughout the tissues. The degree of ac¬ 
tivity exhibited by any tissue is directly dependent upon the fluid¬ 
ity of the cytoplasm within its cellular units, which in turn is 
ultimately a matter of the amount of water supplied by the blood. 
Some one has said that even the Archbishop of Canterbury is 59 
per cent water. 

( b) 1 liberation of Energy. —Tissues “burn" in the presence 
of oxygen, thus releasing energy, which is what constitutes 
“living." Certain softer tissues, like the muscles for example, 
lend themselves particularly to this oxidative process, while 
others, such as skeletal tissues, resemble more, the iron girders 
of a “fire-proof" building, and do not burn as readily. The oxygen 
necessary for the release of stored energy is delivered to the tis¬ 
sues of vertebrates by the haemoglobin in the red corpuscles of 
the blood. 

(r) Distribution of Food. -From one point of view blood is a 
solution or an emulsion of food substances carried in the plasma. 
To some extent also it transports food as solid undissolved particles 
engulfed in the while blood cells. It is thus the grocery delivery boy 
for the cellular community. 

(d) Regulation of Temperature. - Body temperature which re¬ 
sults from the oxidation of the tissues is equalized by means of the 
circulation of the blood, much as is the, temperature of a building 
by the hot-water pipes of its heating plant. Such equalization is 
necessary because of the unequal production of heat-energy by 
different tissues of the body. 

In so-called “warm-blooded" animals the body temperature is 
maintained at a practically constant level, regardless of the tem¬ 
perature of the environment, thus enhancing the animal’s inde¬ 
pendence. “ Cold-blooded " animals, on the other hand, owing partly 
to the low oxygen-carrying capacity of their blood, have a body 
temperature which fluctuates in response to that of the surround¬ 
ings. A cold-blooded animal is consequently a thermal slave to the 
environment in which it finds itself. 

It has been demonstrated, however, that even cold-blooded fishes 
when ill may show fever-like fluctuations in temperature. 
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(e) Transmission of Chemical Substances .— Hormones , the chem¬ 
ical messengers from endoerinal glands, frequently perform meta¬ 
bolic*. feats at some distance from their point of origin, after travel¬ 
ing along the blood highways. Drugs and poisons introduced into 
the organism likewise gain ready disposal over the body by means 
of the circulating blood. This is why a person with malaria, for 
example, feels “sick all over," since the blood carrying the organ¬ 
isms producing malarial poison literally goes over the whole body. 

(/) Defence mjainst Parasitic Invasion. Troublesome foreign in¬ 
vaders, such as infective bacteria and protozoans, are regularly 
combatted by white blood cells which capture and devour them. 
The cures of most “catching" disease's depend upon the successful 
outcome of this function of the blood. 

((f) Disposal of Cell U rcckafje.— -The blood is a continual funeral 
cortege* hi which are being borne away the “ashes" of dead cells, 
foreign bodies, bacterial products, and wastes of metabolism 
generally. 

(h) Chemical elaboration. Furthermore, blood may be regarded 
as a peripatetic, laboratory in which chemical transformations of 
wide variety are constantly going forward, as for example, the 
formation of “antibodies" of \arious sorts, oxidation and reduction 
of haemoglobin, elaboration of (ibrin, and changes of fats and 
sugars to and from soluble state's. 

(/) Clinical Diagnosis. VII of the functions of the blood thus 
far indicated have to do with personal biological benefits to the 
animal itself. Blood may also be useful, outside of the individual 
who elaborates it, to the physician in identifying disease. No other 
tissue gives to the diagnostician so true a flashlight picture of the 
present stale of the varying metabolism of the body as does the 
blood. The ease with which a sample of blood may be obtained for 
examination without injury to the patient, and the readiness with 
which deviations from the normal are revealed therein, have re¬ 
sulted in an increasing dependence upon it as a means of clinical 
diagnosis. For example, in a suspected case of either typhoid fever 
or appendicitis, the examination of the blood furnishes an imme¬ 
diate differential diagnosis, since in typhoid fever the number of 
white blood cells is below, while in appendicitis it is above nor¬ 
mal. There is no doubt that dependence upon blood examination 
in future medical practice will increase as technic is further per¬ 
fected and new approaches to the study of blood are developed. 
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2. AMOUNT OF BLOOD 

hi adult, man the amount of blood is estimated to vary from 
about one twentieth to one fifteenth of the total body weight, 
that is from seven and a half to ten pounds for a person weighing 
one hundred and fifty pounds. This is approximately six quarts. 
In a new-born child the percentage of blood lo body weight is less 
than in the adult, while in lower vertebrates the relative amount of 
blood is less than in mammals. Jlaempel gives the quantity of 
blood in fishes as less than two per cent of the total body weight. 

The blood supply is temporarily increased in those regions that 
are active, as for example, in the wall of the stomach immediately 
after eating, or in that of the small intestine during digestion. 

As to specific gravity, which is dependent mainly upon the 
amount of haemoglobin present, “blood is thicker than water/’ 
For man the figures have been given as 1.03a to 1.000 (with dis¬ 
tilled water at 1.000). 

3. ERVTIIROCYTES 

Our sanguinary forebears, as well as our eon temporaries, were 

well acquainted with the geneial appearance of blood, for the pages 

of history are. copiously stained with it. JNol until 10%, however, 

about two centuries after (-olumbus had discovered America and 

his adventurous bones had turned lo dust, did the Hollander, 

* 

\nthony van Leeuwenhoek, lind, with his primitive lenses, that 
blood is ‘'composed of exceeding small particles/' These he named 
globules which Ik* said “in most animals an* of a ml color, swim¬ 
ming in a liquor, called by physicians the serum/’ and further, 
that “by means of these globules the motion of I he blood becomes 
visible, which otherwise would not be discoverable by sight.” 

lied corpuscles are for the most part peculiar to vertebrates, 
although a few invertebrates, the worms (llvcera and P boron is and 
the holothurian Thyone , also possess red blood cells. Ordinarily 
whenever invertebrates show red blood, as for example the “blood 
clam,” Area, the pond snail, Plan orb is , the earthworm, Lnmbrirus , 
or the larvae of the midge, Chironomus , the haemoglobin producing 
the color is not located in red corpuscles but is dissolved in the 
plasma. 

Red corpuscles, or erythrocytes as they are technically known, 
are directly concerned with respiration, the exchange of gases in¬ 
volved being facilitated by means of the respiratory pigment 
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haemoglobin , which is present inside of the corpuscles. This pig¬ 
ment, which has a very complex molecule 68,000 times as heavy 
as the molecule of hydrogen, is a compound of iron and globulin, 
and possesses the ability to take on and give off oxygen readily. 
It is thus a sort, of a shuttle device between outside oxygen and 
cells in the body t hat are in need of oxygen. Haemoglobin in the 
red blood cells is said to have the power of taking on seven! y times 
as much oxygen as an equal volume of blood plasma, which can 
carry oxygen only in solution. The haemoglobin molecule thus 
loaded with oxygen assumes a brighter red color and becomes a 
very unstable substance, called oxyhaemoglobin. The peculiar 
ability of this molecular structure to transport the amount of oxy¬ 
gen necessary in breathing, may be destroyed by the action of 
certain “poison gases/’ such as carbon monoxide, for which haemo- 

globin has 250 times the affinity 
] that it has for oxygen. When 
J this gas, escaping from the ex¬ 
haust of a running automobile 
engine in a closed garage, is in¬ 
haled, the oxygen of the oxy hae¬ 
moglobin molecule may be sup¬ 
planted by carbon monoxide 

Fid. 277. Successive stages showing with the result that survival and 
loss of nucleus in an erythrocyte. (At- recovery from suffocation will 
ler Jordan and Fcrguwm.) follow only if the person is hast- 

ily removed to fresh air where the oxygen will slowly replace the 
carbon monoxide, llaste is important to minimize the destruction 
of cells, particularly irreplaceable neurons. (See U. S. Pub. Health 
Bull. Vol. 195; 1930, No. 211.) 

Erythrocytes of most vertebrates are oval discs that appear to 
bulge in the center on account of the presence of a nucleus. 
Among mammals (and lampreys!) erythrocytes are more circular 
in outline, with a single exception in the case of camels and llamas 
which have oval erythrocytes resembling non-mammalian red blood 
cells in form. The nucleus in mammalian red blood cells disap¬ 
pears by extrusion, leaving the cell a degenerate sac, or stroma 
capsule , having an internal structure imperfectly understood but 
containing a concentrated solution of haemoglobin. The original 
name “corpuscle" (small body) fits the erythrocyte with more 
accuracy than “red blood cell/’ since nuclei are always associated 
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with cells. Diagrams of the method of nuclear loss are shown in 

I 'll c\ ** 

Mg. 2 LL. 

In size erythrocytes, measured from dried smears of blood, range 
from 75 micra (a micron is one one-thousandlh of a millimeter) in 
the caudate Arnphinma lo 2.5 micra in the musk deer Tragulus . 
Other measurements in micra for the longest diameter of blood 
corpuscles from dried smears have been reported as follows: 
Proleu. s\ 58; frog, 22; turtle, 20; car]), 17; pigeon, 11; lamprey, 13; 
chick, 12; conger eel, 1 1 ; elephant, 9.4; man, 7.5; dog, 7.3; rabbit, 
6.9; cat., 6.5; horse, 1.6; goal, 1.1. 

In man the measurement is from 7.1 to 8.3, with an average of 
7.5. In all these cases fresh corpuscles are slightly larger than dried 


smear specimens. 

In general the smaller the corpuscles the more surface they ex¬ 
pose for oxygen transfer in a given volume of blood, just as there 
is more “skin” in a bushel of small crab apples than in a bushel of 
big apples. One of the factors determining the cold-bloodedness” 
of lower vertebrates as contrasted with mammals is the larger size 
of their erythrocytes with correspondingly smaller total surface of 
exposure for oxygen intake. 

The number of erythrocytes in the blood is of considerable clin¬ 
ical importance. In man it is normally about 5,000,000 per cubic 
millimeter in the male and 1,500,000 for the somewhat less meta¬ 
bolic female, while in the highly metabolic infant the count is 
greater than in adults of either sex. The total number of red cor¬ 
puscles in the average human being has been estimated at 25 
billions, representing a respiratory surface 1500 times as large as 
the surface of the body itself. The number of erythrocytes varies 
witli regard to the time when taken and other factors. According 
to Vierrodt the number of red blood cells of hibernating animals 
drops to as little as one third of the normal count, during their 
“winter sleep.” The red blood cells are more numerous during the 
day than at night and directly after eating or violent exercise, as 
well as in high altitudes when mountain climbing or in airplane 
flights. Patients who are combating tuberculosis sometimes resort 
to high altitudes where the lessened pressure of rarified air is sup¬ 
posed to demand a greater surface exposure lo haemoglobin to 
accomplish the normal amount of respiration, thus forcing the 
body to self-curative effort by producing more red blood corpuscles 
in compensation. 
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Haemolysis, that is 11"' wealing out or destruction of erythro- 
ryios, is the inevitable outcome of their strenuous travels through 
the blood channels. Physiologists have attempted to estimate the 
length of life of a single average crythrocyle by measuring the 
density of the pigments in the bile, since Ihese are due principally 
to the haemoglobin released from the broken-down erythrocytes 
that are being eliminated. When capillaries of the skin are rup¬ 
tured so lliat blood oozes out into the surrounding tissues, the 
liberated haemoglobin from the erythrocytes breaks down with a 
display of pigments, a good example of which is a “black eye” with 
all its rainbow-like variegations. The amount of haemoglobin nec¬ 
essary to produce a known degree of color in a measurable quantity 
of bile eliminated during a known interval of lime, gives a rough 
idea of the rate at which new blood cells must be manufactured in 
order to maintain a comparatively constant, level of erythrocytes 
throughout the entire body. Those who have ventured to speculate 
on this problem place* the life span of a red blood corpuscle from 
ten to seventy days, which means that at the outside the erythro¬ 
cyte population is completely renewed several times each year. 
Since the total number is estimated to be 2;> billion cells it means 
that the continuous production of red blood cells within the aver¬ 
age human body, if reckoned on the most, conservative basis, must 
go forward at, the rate of sererul thousand every second. 

The. process of the formation of red blood cells, which is termed 
haemopoiesis , is accomplished before birth in the mesenchymatous 
tissues and also in the liver and spleen, in later life, particularly in 
mammals, haemopoietic tissue is mostly confined to the red mar¬ 
row in the hollow' bones, in which factory the major part of the 
astonishing output, of erythrocytes takes place. 


4. LET1COCVI US 

Intermingled with red corpuscles in the blood are “white blood 
cells,” or leucocytes , best described as wandering cells that are not 
alw ays confined to the blood channels, and wliich are independent 
of the nervous system. Unlike the erythrocytes of mammals, 
these are detached cells that not. only retain their nuclei throughout 
life, but also possess ot her characteristic features of true cells. 

Within the same organism leucocytes show considerable differ¬ 
ences with respect to the character of their nuclei, general size, 
shape, and function, differences that make possible their classifica- 
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lion into three general categories, namely, lymphocytes, granulo¬ 
cytes, and monocytes. It should he noted that this classification 
is based on the leucocytes of human blood which have been most 
studied. 

Lymphocytes consliluto normally something like 22 to 25 per cent 
of all leucocytes. They are roughly spherical, with a single nucleus, 
and are smaller than erythrocytes, being from 1 to 7 micra in di¬ 
ameter. 


Granulocytes , which are somew hat larger than lymphocytes, being 
from 7 to 10 micra in diameter, are characteristically amoeboid in 
changing shape and are chemot actio in behavior. They arc often 
referred to as “polymorphonuclear leucocytes" from the fact that 
their nuclei generally assume a variety of shapes. The granular 
cytoplasm, which gives the name “granulocyte" to these cells, has 
differential staining properties that, according If) Ehrlich, serve to 
classify them chemically still further into neutrophils , eosinophils, 
and husophils. The two latter kinds are comparatively rare, form¬ 
ing only about 3 and 0.5 per cent respectively of the total number 
of leucocytes, while the neutrophils furnish in the neighborhood of 
70 per cent. As these percentages vary within quite wide limits 
pathologically, they make an extremely \aluable indicator of ab¬ 
normal conditions for the clinician. 

Monocytes are giant amoeboid mononuclear leucocytes, twenty or 
more micra in diameter, constituting normally from 2 to 10 per 
cent of all leucocy les. 

Dana and C.arlson have pointed out that the number of new 
leucocytes contributed to the blood stream daily may be greater 
than the total average* number present at any one time in the blood. 
In man the number of leucocytes of all kinds varies from 2000 to 
13,000 per cubic millimeter with a normal average of around 7000. 
The numerical variation is proportionately much greater than that 
of ery throcytes. There is a normal increase in tlie total number of 
leucocytes for instance alter vigorous exercise or eating, upon ex¬ 
posure to '•old, in infectious, and during pregnancy. When the 
number rises over 10,000, a pathological condition is indicated. 

With regard to their origin different kinds of leucocytes, like 
erythrocytes, may be produced in different parts of the body. In 
mammals certain embryonic cells in the marrow, myelocytes , that 
do not circulate within the blood stream, are no doubt the busiest 
agencies for the manufacture of white as well as of red blood cells. 
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Unlike erythrocytes, however, leucocytes have the power of in¬ 
creasing in number by fission wher ever I hey collect in lymphoid 
tissue throughout the body. Such foci are called lymph nodes and 
lymph “(floods ” of which the spleen is the largest representative. 

The three different kinds of leucocytes accomplish a variety of 
functions. For example, the wandering granulocytic neutrophils, 
as well as monocytes, remove worn-out tissue cells and invading 
bacteria by engulfing and digesting them in true amoeboid fashion, 
when they are known as phagocytes. 

Owing to their amoeboid facility in assuming a variety of shapes 
they an; able to squeeze between even the irregular edge-to-edge 
margins of the flat endothelial cells forming the thin walls of the 
capillaries (Fig. 278), thus escaping entirely from the closed blood 
system into the interstices between the cells of tissues everywhere 
in their phagocytic forays. This escape; of the phagocytes through 

the capillary walls is termed diapedesis. There is 
indeed hardly a nook or cranny within the body 
that cannot be sought out and penetrated by 
these nomadic benefactors in the course of their 
sanitary and curative perigrinalions. 

The mobilizing of phagocytes is particularly 
well demonstrated when a wound becomes in¬ 
fected by bacteria. The “inflammation” that 
results in swelling and pain is due to the crowded 
ranks of phagocytes assembled for a battle royal 

Fin. 278. - Din- with lhe invading army of bacteria. If the bacteria 
pedesis ol leuco- win, “blood poisoning” with its gruesome con- 

ton-Opiu)* 1 sequences results. If the phagocytes win, health 

is restored. “Pus” is largely made up of dead 
phagocytes that have fallen in battle. Inflammation of the mu¬ 
cous membranes, or “catarrh,” does not result in pus formation 
ordinarily, but in the production of a local excess of lymphatic 
fluid. 

The holes in the capillary walls through which the phagocytes 
escape are immediately closed, like a puncture in an automobile 
tire, so that the red blood cells are kept within the blood vessels. 
Vagrant phagocytes, however, like the prodigal son, return to the 
blood stream. They do not reenter the capillaries from which they 
have escaped but are picked up by the lymphatic vessels that per¬ 
meate everywhere between the cells of the tissues. By means of a 




INTERNAL TRANSPORTATION 


345 


system of valves these lymph-containing vessels forward their cargo 
by one-way traffic towards veins that enter the heart, and thus 
restore the runaway phagocytes to the general circulation. 

Lymphocytes are neither amoeboid nor phagocytic, but mono¬ 
cytes and granulocytic neutrophils are both. Moreover, the 
non-phagocylio lymphocytes retain their spherical contour, never 
by diapedesis joining the phagocytes as “free lances of our 
corporeal militia" (Slosson). Instead they collect in the villi of 
the small intestine to engage in the transfer of fat globules, en¬ 
meshed in their cytoplasm, by way of the lacteals to the blood 
stream. 


5. THROMBOCYTES 


In addition to erythrocytes and leucocytes there are present in 
the vertebrate blood less well-known bodies, generally called 
thromboc\ tes. 


In the frog these ha\e been described as “spindle cells," in¬ 
termediate in character between red and white blood cells, and 


able possibly upon occasion to be 
transformed into either. 

Although true spindle cells with 
nuclei ha\ r e been found in the 
blood of certain fishes, amphi¬ 
bians, reptiles and birds, t hey are 
not present in mammalian blood, 
their place being taken appar¬ 
ently by small bodies which Biz- 
zozero has named blood jdalelets 
(Fig. 279, 7). 

The unstable character of the 
thrombocytes is shown by the 
fact that they tend to mass to¬ 
gether and disintegrate as soon 
as the blood is shed and exposed 
to air, which makes careful de¬ 
tailed observation of them dif¬ 
ficult. 



Fig. 279.--Blood cells. 1, red 
blood corpuscles in rouleau forma¬ 
tion; 2, red blood corpuscles, surface 
view; 3. lymphocyte; 4, polymor¬ 
phonuclear leucocyte; f>, basophil 
leucocyte; 6, large mononuclear leu¬ 
cocyte; 7, blood platelets; 8, nu¬ 
cleated erythrocyte. (After Jordan 
and Ferguson.) 


The term “thrombocyte” 

(thrombus, clot; cyte , cell) is not a very happy one to apply to 
blood platelets since it is doubtful if they are true cells but more 
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likely small enucleated fragments of cells, with slight amoeboid 
motility. They have to do, however, with forming the “thrombus/’ 
or dot, that prevents excessive* hemorrhage in case of wounds. 

The, different kinds of thrombocytes in human blood vary in size 
from 0.5 to 1 micra in diameter, thus being considerably smaller 
than er\throcyles. They have been estimated to number from 
200,000 to 770,000 per cubic millimeter, with 500,000 given by 
Howell as an average for human blood. According to Wright 
blood platelets have their origin as fragments of the giant ery- 
tliroblast cells of bone marrow from which they have been con¬ 
stricted off. 


ft. PLASMA 

Two thirds of I Ik* blood is fluid plasma in which the* different 
kinds of cellular elements are borne along through blood vessels. 

Plasma is about ( )0 per cent water. ( ) per cent organic substances 
such as fibrinogen, paraglobulin, and serum albumin, and about 
one per cent organic salts, which brings it up ,<> approximately 
the same density as sea water, \nimals with blood of balanced 
density living submerged in sea water do not suffer from upsetting 
osmotic exchange, which can l>e dangerous or even fatal when it 
occurs suddenly as in the case of salt-water tishes that are trans¬ 
ferred to fresh water or rice versa. The salts dissolved in human 
blood plasma are reminiscent of osmotic conditions long ago when 
our remote ancestors had not yet emerged from an aquatic 
habitat. 

The plasma is a non-living fluid of much more chemical com¬ 
plexity than appears in the test tube. It contains a constantly 
changing variety of substances in solution, chief among which are 
dissolved food materials on the way to cellular delivery, and waste 
products that are being collected for elimination. There are also 
present enzymes of dhers sorts which activate chemical changes: 
opsonins , that prepare trespassing bacteria for phagocytosis; 
hormones , the chemical messengers from endocrine glands on their 
way to the performance of tasks of internal regulation; antibodies 
and other problematical substances engaged in constant warfare 
against, harmful invasion; and finally, fibrinogen, which although 
ordinarily free-flowing like other dissolved substances, can be 
turned when necessary into insoluble fibrin , that forms an en¬ 
tangling mesh like a barbed wire barrier through which cells do 
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not easily pass. This is the clol which acts as an emergency plug 
io prevent the escape of blood from wounds while organic repairs 
are being made. 

According lo Howell a substance in the plasma known as pro - 
thrombin , together with calcium salts, may lbrin thrombin upon 
exposure to a rough or ragged surface, such as the edges of a wound 
that are unlike llie smooth inner walls of blood vessels. Thrombin 
has the power of transforming soluble fibrinogen into insoluble 
librin which in turn entangles the blood cells and forms a clot. 

Sometimes a blood clot forms around a solid body or breaks free 
from a wound, when it becomes an embolus. Such a clot circulating 
within blood vessels may obstruct, a capillary or a larger vessel 
and cause trouble. For example if it blocks the first, branching of 
the lung artery, it holds up the entire circulation and may cause 
sudden death. An embolus may arise from other causes than an 
outside wound, as in the case of “hardening of the arteries, 1 ' when 
the wall of the blood vessel may become ruptured. If a traveling 
embolus is caught in the capillaries of tin* brain, it may give rise 
through pressure to a “shock,*’ or apoplexy, recovery from which 
is dependent upon the removal or absorption of the embolus within 
a reasonable time. 

If it were not for the mechanism of the blood clot., loss of blood 

from even slight wounds, or breaks in the walls of the blood 

♦ 

vessels allowing leakage, would prove to be much more serious 
than it is. 

Haemophilia is a hereditary condition in which some link in the 
chain that normally results in clol. formation is missing so that the 
inability to slop blood leakage from even a small wound may result 
fatally. Persons thus alllicled are known as “bleeders.” Males 
are more susceptible lo haemophilia than females, since it requires 
inheritance of tlie trait from both sides of the house to make a 
female haemopliilic, while inheritance through one parent is enough 
to cause a male bleeder. 


111. Blood Channels 

]. THE EVOLUTION OK ORGANIC IRRIGATION 

Blood channels may be regarded as a device for increasing the 
inner surface area of an organism with reference to exposure to 
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adequate nutritive and respiratory factors. In most invertebrates 
blood channels are largely open lacunar, or perivisceral spaces. 

The first evolutionary stages in the development of a circulatory 
apparatus are perhaps to be seen in the porous sponges, whose 
“blood,’' that is, the surrounding water, carries a random load of 
microscopic food and dissolved air past the loosely organized colo¬ 
nial (*ells within the sponge body. 

In tlatworms, and some medusae also, there are neither true 
blood channels nor any specialized food-carrying medium of blood, 
since in these lowly creatures the digestive lube itself branches out 
like the twigs of a tree, extending between the cells of the body in 
such a way as to efleet a direct delivery of needful nutriment with¬ 
out the mediation of a blood stream. 

Among vertebrates two general types of channels appear, 
namely, a haemal system of closed tubes carrying blood, and an 
auxiliary lymphatic system carrying lymph, which is practically 
blood without respiratory red corpuscles. In general these chan¬ 
nels form an irrigation system of flexible plumbing, consisting of a 
continuous series of cavities, lined throughout with flat endothelial 
cells, in which the blood circulates. 

The fact that blood is not subject to ebb and flow but is con¬ 
stantly in motion always in one direction, and that it repeatedly 
during life makes the entire circuit of the blood vessels, was estab¬ 
lished in 1619 by William llarvey (1378-1657), long before anyone 
actually saw the blood pass through the smaller connecting chan¬ 
nels. if was Malpighi who in 1661 discovered the capillaries by 
which the out-going and in-coming blood vessels are connected. 
In 1696 Leeuwenhoek charmingly described the capillary circula¬ 
tion in a bat’s wing, as follows: “l perceived in many places an 
artery and a vein placed close beside each other and of a size large 
enough to admit the passage of ten or twelve globules at the same 
time; and in this artery the blood was protruded or driven forward 
with great, swiftness, and flowed back through the vein, which was 
a most pleasing spectacle to behold." 

Although the circulatory system penetrates to nearly every part 
of the living organism, there are a few regions of the highly differ¬ 
entiated vertebrate body that are not invaded by blood vessels of 
any kind, namely, the cornea of the eye, cartilage tissue, and the 
epidermis together with its derivatives, hair, nails, feathers, horns, 
claws, and the enamel of teeth. 
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HEART 


2. GENERAL PLANS OF CIRCULATION 
Blood vessels are related to each other in the following fashion: 

Arteries (centrifugal) 

Arterioles 

Arterial capillaries 

Capillaries 
Venous^ capillaries 
Venules 
Veins (centripetal) 

(a) Annelid Plan.- Two longitudinal blood vessels, one dorsal 
and one vent rah with collateral connections, and joined at either 
end by capillary networks, make up the main circulatory system 
of the practically heartless annelids. The blood Hows forward 


"O 

c 

o 

-O 




Fig. 280.— Plan of circulation, contrasted in an annelid worm and ainphioxus. 


along t lie dorsal vessel and backward throng)) the ventral vessel 
in the simplest manner (Fig. 280). 

(b) Ainphioxus Plan. -Ainphioxus, the simplest chordate, bears 
a superficial resemblance with respect to its main circulatory plan 
to the invertebrate annelid worms, with certain notable differences. 
In the first place the blood flows around in the opposite direction 
from that of the circuit in the annelid plan. By rotating an annelid 
180° on its long axis, thus shifting its dorsal and ventral sides, the 
course of its general circulation may be brought into agreement 
with that of amphioxus. 

In amphioxus a new feature is introduced in connection with 
the blood vessels of the digestive tract, namely, the insertion in 
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tlie ventral vessel of an extra capillary network, called the hepatic 
portal system, which spreads over the diverticulum of the gut that 
forms the primitive liver (Fig. 280). 

in common with other lower vertebrates a large part of the an¬ 
terior capillary system passes through the gills, which extend along 
half the length of the digestive tube. Most of the posterior capil¬ 
laries enwrap the remainder of the digestive tube, including the 
diverticulum of the liver. Thus the two major functions of blood, 
respiration and nutrition, are localized by the arrangement of the 
capillaries in this primitive chordalo. 

(e) Gill Plan of Fishes . The amphioxus plan becomes further 
elaborated in fishes (Fig. 281), by the development of a heart, or 



blood pump, and by the introduction of an additional capillary 
complex involving 1 he kidneys, called the renal portal system. 

The heart, is simply a muscular enlargement and modification of 
a part of the main ventral blood vessel lying between the hepatic 
portal capillaries and the gills, through which the blood flows for¬ 
ward. The development of the vertebrate heart from this ventral 
vessel has its possible homology in the rotated annelid plan, since 
in the lallor it is the. dorsal vessel which becomes muscular enough 
to pulsate and serve as a pumping heart. 

The return of blood from the region of the large propeller-like 
tail, characteristic of lishes, is effected by means of a special device 
called the renal portal system which carries the blood through a cap¬ 
illary network in the kidneys, whence it joins the main blood 
stream. (This is not show n in Figure 281.) In lishes, therefore, be¬ 
sides the capillaries which unite the outward-bound distributing 
system of blood vessels (arteries) with the inward-bound collect¬ 
ing system (veins), there are two major strainer-like complexes of 
capillaries, or “portal systems," within the kidneys and the liver 
respectively, that interrupt the large vessels and modify the stream 
of blood returning to the heart. 
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(d) Lang Plan of Mammals. —The general plan of circulation 
among higher vertebrates, when reduced to the simplest terms, may 
be represented by the diagram (Fig. 282). The dotted lines, which 
are connected at only one end with the closed haemal circulatory 


heart 



Fin. 2l\2 'The plan of rimituiion in a mammal L.A., left auricle; L.V., left, 
\(‘utricle; H.A.. riirlif auri* 1<\ II.\ , ri^rlit \cnlriclc. 


system, show I he relation of the auxiliary lymphatic, circulation 
h\ means of which lymph is collected horn all regions of the body, 
together wilh the while blood cells that have escaped by diapedesis 
from the capillaries, returning I hem to I he \enous system just 
before reaching I he heart. 

The change from branchial respiration by means of gills to pul¬ 
monary respiration through lungs makes necessary the introduc¬ 
tion of a double blood circuit, namely, the systemic* circulation 
over the body and the pulmonary circuit to the lungs, with two 
central clearing houses, or hearts, instead of a single one as in lislics. 
These two hearts are placed so intimately together, however, that 
when looked at superficially they have the appearance of a single 


heart. 

With the diminishing importance of the tail upon emergence 
from the water and the evolution of locomotion on land by means 
of legs, the renal portal system becomes discontinued. Tims it will 
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be seen that the changing methods of respiration as well as of loco 
motion have modified the circulatory plan in land animals. 

3. STRUCTURE OF BLOOD VESSELS 

The walls of blood vessels show certain differences that serve to 
distinguish arteries, veins, capillaries, and lymphatics from each 
other. 

Arteries and veins of the same size externally are not easily con¬ 
fused, since veins have thinner walls and a larger bore inside, and 



Artery Vein 

Fig. 283.—Transverse section of un artery and a vein of corresponding size, 
showing the three layers; t.a., tunica adventitia; t.rn., tunica media; and 
t.i., tunica intima. (After Huxley.) 

consequently are more liable to collapse than arteries when emptied 
of blood. The walls of both arteries and veins are made up of three 
layers of tissue (Fig. 283) known as tunica intima, tunica media, 
and tunica adventitia. The inside layer, or tunica intima , is in¬ 
variably composed of a lining of flat endothelial cells, continuous 
and universal throughout, all the blood vessels including the heart 
itself. This lining, except in the capillaries, is wrapped about by 
reinforcing connective tissue. The middle layer, or tunica media , 
is largely composed of smooth muscle cells, arranged mostly in 
circular fashion and interspersed with connective tissue fibers, 
while the outer layer, or tunica adventitia , is principally connective 



INTERNAL TRANSPORTATION 


353 


Issue, more or less elastic and penetrated by lymphatics as well as 
taso-inotor nerve libers that control the changing caliber of the 
blood vessel. 

There are certain large veins in man, such as the umbilical, iliac, 
splenic, renal, and superior mesenteric, which are noteworthy be¬ 
cause longitudinal muscle fibers also are found in the outside 
layer of the Avail. 

Arteries are t hick-walled conduits carrying blood away from the 
heart, and are characterized by a well-developed elastic tunica 
media that is thick enough to , /-w tM,y * fl 




rv 

hi 


maintain the shape of the blood I « 
vessel without collapse. The U 
tunica adventitia in arteries is k ^ 
relatively thin. M 

As arteries follow their Ja 
course throughout the body v| OT 
away from the heart, they y 
gradually decrease in size, at ^ g C 

various stages being called F,c. 284.- Valve* in win*. A, swollen 

arterioles and arterial rapil- ' <>in from the* outside indicating the 

lories, until eventually they be- I*"*™" ^ » valve; B, valve open al- 

J J lowing the blood to now in trie direction 

come true capillaries with very t) f the arrow; C, valve closed preventing 
thin walls and minute bore, the How of blood ill the direction of the 

making it necessary for blood arrows * 

cells to pass in “Indian file" and even to assume distorted shapes 
in order to squeeze through. 

The true capillaries, which lack both a t unica media and a tunica 
adventitia, form innumerable anastomoses and networks between 
the arterial capillaries on the one hand and the venous capillaries 
on the other. Arterial and venous capillaries, therefore, are transi¬ 
tional in location as well as in size and in thickness of their walls 


between the capillaries proper and arterioles and venules respec¬ 
tively. 

Veins , which always take their rise from capillaries, are relatively 
thin-walled and collapsible. Since their walls are largely deficient 
in elastic tissue and muscle cells of the tunica media, the tunica 
adventitia becomes the most highly developed of the three layers 
in the walls of veins. 

Pocket-like valves that prevent or hinder the back-flow of the 
blood (Fig. 284) are present in the larger veins but not in arteries. 
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except in the immediate neighborhood of the heart, of some gill- 
breathers. Valves are not present in all veins being largely absent 
from the veins of the brain, cord, meninges, bones, and the um¬ 
bilical vein, as well as most visceral veins, excepting branches of 
the hepatic portal system. The thin-walled veins are much more 
likely to anastomose, become varicose, or to enlarge into sinuses, 
than the I hick-walled arteries. 

Lymphatics are typically varicose as well as capable of great dis¬ 
tension. Ordinarily they do not acquire thick muscular or elastic 
walls and arc very collapsible, although the larger lymphatics 
nearer the heart develop a definite tunica media with muscle cells 
that even enable' them to pulsate. Lymphatics entwine around the 
other blood vessels in the most intimate fashion, yet do not com¬ 
municate with them except at one or two definite openings near 
the heart when' the lymph may be returned to the general blood 
stream. Lymph capillaries, although never as small as haemal 
capillaries, have the same sort of thin endothelial walls. 

Physiologically, if not. morphologically, the large serous cav¬ 
ities, such as the body cavity, and the pericardial and pleural 
cavities, as well as the synovial spaces around joints, belong to the 
lymphatic' system, although their walls have a somewhat different 
origin and structure from those of ordinary lymphatic vessels. 

Like veins, lymphatics possess valves along their course in the 
form of crescentic folds of the tunica inlima which act like sluice¬ 
gates preventing the retreat of the fluid to any great extent, in the 
direction away from the heart. Thus they establish one-way 
Irallie in the lymphatic system. 


i. tin; iu)u: of the capillaries 

The first blood vessels to form in the embryo and the last, to be 
discovered on account of I heir size are capillaries (caj>illu< little 
hair). Physiologically they are the most important part of the 
whole' intricab' system of blood channels in the vertebrate body, 
because in them the final transfers of the' circulatory system are 
made. If the entire circulatory system be compared to a railroad 
system, the capillaries correspond to stations where passengers and 
freight, are entrained and detrained, while the more conspicuous 
arteries and veins are simply lines of track connecting the stations. 

Anatomists have always been more concerned with following out 
and homologi/ing veins and arteries, which it is possible to trace 
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and describe, Ilian with the nameless capillaries that defy isola¬ 
tion and cataloguing. When one considers Krogh’s estimate that 
there may be at least 2000 capillaries permeating a square milli¬ 
meter of human muscle, no one of which is over a millimeter in 

length, and that the total Capillaries „ _ _ & 

length of all the capillaries of Werye 


the human body, if untangled 
and placed end to end, would 
be as much as 100,000 kilome- 









ters, that is, equal to two and Circular 
..... , . . 'nwscic v 

a hall tunes around the earth t- 00 ,- * . . , 

rio. 2 o.j.— A terminal arteriole, sur¬ 
al- the equator, it- is small rounded by a “stopcock” cuff of cir- 

\\under that anatomists are eular muscle fibers which is supplied by 

turn'd to describe thorn in the " r "V pv '; J" r MW ' ,, 1 ,,inK ,! >; "7 

ol the blood. I lie capi!Inr\ network 

most general terms. having grcnlci inLeina! expanse than 

t nlike the twigs of a tree tint arteriole shows why the blond flows 

that come to an end, the . ,, , •. , x 

’ in the arterioles. (Alter keilh.) 

capillaries are continuous and 

keep right, on, forming anastomosing networks which have a larger 
lota! carrying capacity than the blood vessels they immediately 
connect (Fig. 285). The result is that the rale of Mow of the blood 
j , stream slows down as it goes through 

JI the capillary networks, just as a 

a / (Cj /tj j swiftly flow mg riv er that spreads out 

\ \\ U^fc/ upon entering a lake, loses its momen- 

/ \ \\ (7 / luni. Wood cells in capillaries may 

JjpJ\ j be. said to “crawl," but as Ihe size of 

ArvM the blood vessels they are passing 

// \ \ through enlarges, they “hustle" more 

. . _ and more. 

Ira I c tlu- hcliasitir .,( ml l,Ioo<l ln fapillarios Iheratr of movement, 
corpuscle* in the capillaries The which varies within wide limits, has 

anows mark the course of ihe tieeu given as one twentieth of an 
blood, a, a “saddlebag” cor- . , , , •» . .. . . , 

I-usi-lr; h. ,„r,ms ( h> U-mlin* il- " ,dl P (T S, ' ro,1(l ; wll,l ° 1,1 ,lle ! "- r|uVa >’ 
self as il enters a side branch: ol the aorta it is three hundred times 
c. deformity in a narrow capil- as rapid. 

bn >. (Alu r I low< II.) Capillaries may measure from 0.003 

nmu to 0.01 nun. in diameter, while t he largest human arteries and 
veins sometimes attain a diameter of 3 cm. This is a difference 
of 10,000 diameters or 100,000,000 times in carrying capacity. 
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Single capillaries may be so small that, when undilated, blood cells 
that can penetrate a line lilter readily are unable to pass through 
even in single file, or can only squeeze through with difficulty by 
temporarily distorting their shape (Fig. 286). 

Although capillaries generally are intermediaries between veins 
and arteries, they may sometimes conned veins and veins, when 


they constitute a ‘‘portal system/' or arteries and arteries, as in 



the “red gland” within the 
sw-im bladder of fishes, or in 
the glomeruli of the kidneys. 

Outside the single layer of 
endothelial cells that form the 
walls of capillaries there are 
at intervals flat branching in¬ 
voluntary muscle cells {liougel 
cells ) that, control their caliber 
(Fig. 287). Resistance to blood 
flow is furt hermore exerted by 
cudlike circular muscles around 
the arterioles and arterial cap- 


Fjg. 287.—Rouget muscle cells that, 
control the caliber of the capillaries. 
(After Rrogh.) 


diaries under l he control of 
vasomotor nerves. When the 
bore of the arteriole is lessened 


by the contraction of these circular muscles, blood cells pass 
into the capillaries at a slower rate or are temporarily excluded. 
The operation of these neuromuscular stopcocks of the arterioles 
is also influenced by mental states as reflected when a person is 
“pale w r ith anger'’ or “flushed with joy.” 


5. A RTF HIES AND THEIR TRANSFORMATIONS 

In arteries, as already indicated, the blood flow is away from 
the heart, making the outward delivery trip of the things need¬ 
ful from the source of supplies to the capillaries. This object is 
attained in all vertebrates by means of one fundamental scheme of 
pathways, although the general plan is modified to meet the de¬ 
mands of different types of vertebrates. Once the main trunk line 
of the dorsal aorta emerges from the complexities of the arterial 
arrangement in the head and gill region, further distribution to 
the various organs of the body of arteries branching off from the 
aorta is fairly uncomplicated and uniform throughout the verte- 
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brale series. The anterior arteries of the gill region that bear the 
brunt of the transformation from water to land life, however, show 
greater diversity. 

In amphioxus the ventral aorta , or the main blood vessel anterior 
to the liver diverticulum (Fig. 280), is connected with the dorsal 
aorta by a number of pairs of lateral loops that encircle the anterior 
part of the digestive tube. There may be as many as sixty pairs of 



Img. 288. -Theoreti¬ 
cal plan <>l emhryonit 
arterial loops, d.».. dor¬ 
sal aoita; v.a.. ventral 
aorta. (After Boas.) 



Flu. 280 Plan of 

arterial loops in leleosl, 
fishes. e.e., external 
earotid ; i.r., inlernal 
carol id. (After Rows.) 



Fio. 200. - Plan of ar¬ 
terial loops in caudate 
amphibians, d.a., ductus 
arteriosus; p.a., pulmo¬ 
nary artery. (After 
Boas.) 


these loops in the adult animal, occupying a large portion of the 
anterior part of the body. KaeJi pair is interrupted laterally by 
the insertion of gill capillaries in which the blood takes on oxygen 
from the surrounding water. 

In true vertebrates the number of pairs of branchial loops, al¬ 
though less in the adult, is typically six during embryonic develop¬ 
ment, with tlie exception of certain primitive sharks, for example 
Hexanchm which has seven, and some cyelostomes which exceed 
the typical number. 

The usual embryonic arrangement of these branchial arterial 
vessels, as indicia!ed in Figure 288, may be taken as a point of de¬ 
parture for the adaptations to follow in the different vertebrate 
classes. 
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It will be seen that the branchial loops do not connect directly 
with the main dorsal aorta but first join with two smaller blood 
vessels, the radices aorlae , which secondarily join, like the converg¬ 
ing arms of the letter Y, to make the single dorsal aorta. 

In fishes (Fig. 289), the two most anterior pairs of loops, that 
are supported by the mandibular and hyoid arches of the splanch- 
nocrauium, are reduced to branches of the third in adult life, leav¬ 
ing the remaining four to become the branchial arches, interrupted 
by the gill capillaries as they pass from the ventral side to the 
radices aortae. 


In caudate amphibians , external (jilts are introduced (Fig. 290), 
which, unlike the internal (jills of fishes, do not directly interrupt 
the branchial loops but are established on a detour from the loops 
(not shown in the diagram), so that it is possible for the blood to 
pass from the ventral to the dorsal aorta by either of two routes, 
one through the uninterrupted branchial loop in which no capilla¬ 
ries are present, and the other by way of a side line through the 
capillaries of the external gills. 

Three pairs of such external gills, situated on loops IV, V, and 
VI, may be present in caudates. Thus in those salamanders that 
discard their gills during metamorphosis, it is possible for the blood 
to go forward without interruption by way of the branchial loop 
direct, avoiding the disastrous consequences which would inevi¬ 
tably result if a single unavoidable route tlirough the internal gills, 
as in fishes, were put out of commission. 

In caudates , it should be noticed that the last and most posterior 
loop (VI) has its proximal portion pressed into the service of the 
pulmonary artery which goes to the newly-established lungs for the 
oxygen-supply, instead of directly to the dorsal aorta. Further¬ 
more, that part of the radices aorlae between loops 111 and IV, 
in anticipation of its later obliteration in salientia, becomes much 
attenuated. 

The salientia , represented by the frog (Fig. 291), pass through a 
youthful tadpole stage in which their branchial arteries resemble 
those of caudates, but. they go a step further in burning their ances¬ 
tral arterial bridges behind them, since only three pairs (III, IV, 
and VI) of the six original embryonic loops survive in the adult. 
Loop IV becomes the large graceful paired aortic arch, while 
loop 111 is entirely devoted to supplying the head region. Since 
the connectives of the radices aortae that run between loops III 
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and IV are suppressed, the blood in the third loop can no longer 
pass backward directly into the dorsal aorta. The distal part of 
the Vlth loop, which does not go into the formation of the pul¬ 
monary artery, is reduced to a stretch of “dead track,” named the 


_Cdfbtid arlerij 


...Sortie loop 



.... pulmonary artery 


..ventricle 


Fig. 291.—The transitional heart of a frog showing the beginnings of differ¬ 
ential distribution of blood with a .single ventricle. L.A., left auricle; H.A., 
right auricle. The aerated blood from lh<» lungs is emptied into the bottom 
of the ventricle from the left auricle, and the non-aerated blood from over 
the body enters the upper part of the ventricle from the right auricle. Both of 
these contributions are pumped out before there is opportunity for much 
mixture, so that three kinds of blood, non-aerated, mixed, and aerated, are 
sent out of the contracting ventricle in the order 1, 2, 3. The non-aerated 
blood, 1, takes the first accessible avenue of escape through the pulmonary 
arteries to the lungs; the mixed blood, 2, iills the second possible available 
channel, the aortic loop, going over the body; while the aerated blood, 3, from 
the bottom of the heart goes to the head through the carotid arteries since the 
other passages are already crowded full. 


ductus arteriosus or the duct of BotaJli . This duct functions until 
hatching or birth in all amniotes and its ghostly remains still haunt 
the arterial complexes of higher vertebrates, even of man, serving 
as a reirfinder of emergence from water to land life. Loop Y, 
already showing signs of degeneration in the perennibranchiate 
caudatcs, disappears entirely in adult frogs. 

Three pairs of loops, namely, III, IV, and VI, survive in reptiles 
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Fic j. 292.—Plan 
of arterial loops 
in reptiles. (After 
Boas.) 


(Fig. 292). There is, however, one distinct difference with regard 
to the main aortic arch (IV). On its left side this arch becomes 

split off from the rest of the ventral aorta, carry¬ 
ing to the dorsal aorta blood of a different re¬ 
spiratory quality from that borne by the arch 
on the right side, since it drains the newly- 
established left ventricle of the heart. 

In amphibians the mixture of aerated and 
non-aorated blood occurs in the single ventricle 
of the heart before it is sent out over the lVth 
arterial loop, but in reptiles, which have more 
complete partitions established bet ween the ven¬ 
tricular chambers of the heart, the mixing of 
pure and impure 
blood is postponed un¬ 
til the right and left 
branches of loop IV 
pour their diverse con¬ 
tributions into the 
common dorsal aorta. 

Reptiles as well as amphibians are ‘‘cold¬ 
blooded,” one contributing reason being 
that in both cases some of the blood s 
that, has not been oxygenated is poured 
back into the dorsal aorta and sent 
again “unpurilied” over the body. The 
result, like mixing clinkers with coal, is 
that the fires do not burn any too 
brightly and cold-bloodedness follows. 

Birds (Fig. 293) and mammals (Fig. 

294) show a still greater reduction of Fin. 293.— Plan of the ar- 

artcrial byways, since in each case one t(Tial ,OOJ)S in s ; su ^‘ 

i i r v T % t *i • p . • i i cla\ian urtery. (Alter Boas.) 

hall oi t he lv th pair ol arterial loops, 

in which unoxygenated blood circulates, is suppressed, so that all 
the blood that goes through the remaining half loop comes 
straight from the lungs, carrying oxyhaemoglobin in its red 
corpuscles. The right half of the IVtli loop remains in birds, the 
left, half in mammals. 

Thus in man a single large aortic loop, like a shepherd’s crook, 
arises from the heart, arches over to the left, and passes backward 
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to supply the body and its various organs. This loop is the com¬ 
bined product of (1) the embryonic ventral aorta; (2) the left side 
of the IVlit branchial loop; and (3) the left f\ 

arm of the radices aortae. /? T\ li 

Occasional rare cases, reported in medical [I |1 I 

literature, of double aortic arches in man, \\ 1\ jl J 

or of the aortic arch oil the right side as in A\ 

birds, find a ready interpretation in the light , ; | N \ \\ I // •• 
of comparative anatomy. ii 

6 . EVOLUTION OF VENOUS ROUTES ^ 

The channels by means of which the blood •• I 

is collected and returned to the heart have \'{ Y A\ 

undergone a greater degree of evolutionary i'' I 
adaptation in the vorlebrale series than the (\\ u II 

corresjK)nding arteries lhat distribute the \\ ^\\\ JJ 

blood over the body from the heart. This V '>:> v 
is due in part to the elaborate complexes of 
capillaries inserted in the course of the veins JJ 

which form the “portal systems,” and in Ftg. 294. Plan of 
part to the accessory services of the lym- the arterial loops in 

pliatic system of channels which are a kind mammaIs * ^ fU;r KoUb 
of “veins” since they likewise carry blood towards the heart. 

As would be expected the least complicated arrangement of veins 
is found in amphioxus. An unpaired caudal vein picks up blood 
from the postanal region of the body and after making a loop 
around the anus continues forward beneath the intestine as the 
sub intestinal vein , not only receiving contributions from the capil¬ 
laries that encircle the alimentary canal but also deriving food 
from the canal itself. Upon reaching the liver diverticulum it 
breaks up into the primitive hepatic portal system, whence it con¬ 
tinues forward to the gills as the ventral aorta out of which the 
heart is destined to evolve. 


Ftg. 294. -Rian of 


The venous system of an elasmobranch is diagrammatically 
represented in Figure 295, /V. It will be seen that the heart not only 
receives from the two hepatic veins blood which has been strained 
through the capillaries of the liver, but that a dud of Cuvier also 
opens into the heart from either side. This duct of Cuvier is formed 
by the confluence of anterior cardinal and inferior jugular veins 
from the head region, the subclavian veins from the pectoral fins, and 
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the posterior cardinals and the lateral veins from the inner body wall 
and the posterior part of the body. The iliac veins from the pos- 
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terior appendages empty into the lateral veins and so secondarily 
find gangway to the heart. 

The caudal vein , ordinarily draining an extensive area in lishes, 
forks at the anus like a letter Y, and sends a diminishing branch 
along the outer margin of each elongated kidney. Twigs from 
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these branches enter the kidney and subdivide until they become 
capillaries emerging eventually into the posterior cardinals to find 
I heir w ay to the heart, thus forming the renal portal system. 

There are, therefore, three general venous ** systems” combined 
in elasmobranch lishes, namely, the main cardinal system , including 
tributaries draining the head region and body wall, together with 
various organs in the body cavity; the hepatic portal system , from 
the digestive tube through the liver; and the renal portal system , 
from the large tail region through t he kidneys. 

In many elasmobranch fishes, along the ventral wall of the di¬ 
gestive tube and in intimate relation with (he spiral valve within, 
there is a subintestinal vein like that of amphioxus. This is an 
anterior continuation of the caudal vein, but instead of forming 
the main trunk-line and passing directly to the liver to form the 
hepatic portal network, as in amphioxus, it empties first, during 
embryonic life, into one of the two large vitelline reins that bring 
blood from the yolk sac. The omphalomesenteric veins thus formed 
by the union of the intestinal and vitelline components break up 
within the liver to form the hepatic portal complex. 

In the larger group of bony fishes (leleosts) the venous arrange¬ 
ment is much like that of the cartilaginous elasmobranchs, except 
that the lateral veins disappear, and tlie traffic from the body wall 
and pelvic fins is shunted over to the posterior cardinals. 

Salamanders and frogs, as representative amphibians, present 
further stages in the evolution of vertebrate veins, which can be 
interpreted by comparison with the more generalized arrangement 
already described for elasmobranch fishes. 

The plan of the principal veins in salamanders, as shown dia- 
grammatically in Figure 293, B, presents three striking innovations. 
First, there appears a new vein, the post ram or vena cava , that rivals 
the anterior portions of the posterior cardinals, collect ing their bfood 
from the mesonephroi. Phis important blood channel takes its rise 
between the kidneys, and extends forward t hrough the liver to the 
heart as ail unpaired vein, fusing with the hepatic veins in its 
course. Although similar in its course to the subintestinal vein of 
amphioxus and the cyclostomes il is not homologous with that 
vein, being dorsal to the intestine and lying close to the aorta along 
the body wall, while the subintestinal vein is ventral to the ali¬ 
mentary tract and quite independent of the body wall. 

Secondly, the iliac veins fork, each sending one branch to its 
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postcardinal, while the other branch , representing the lateral vein 
of the elasmobranch, fuses with its fellow to form a median ab¬ 
dominal rein that empties anteriorly into the hepatic portal vein. 
The post cardinals function as renal portal veins, passing their 
blood through the mesonephros to the postcava. Blood returning 
from the hind legs of an amphibian, therefore, may pass through 
either the renal portal or the hepatic portal capillary strainer be¬ 
fore reaching the heart, whereas in fishes the iliac blood goes directly 
to the heart by way of the lateral veins without, portal interference 
of any kind. 

Thirdly, amphibians, since they use the skin to a considerable 
extent as a supplementary breathing organ, have in addition to 
pulmonary reins from the lungs, a pair of well-dexeloped cutaneous 
veins from the skin. Dingrnmmalicully these bear a superficial re¬ 
semblance to the lateral veins of elasmobranchs but should not be 
confused with them. 

The arrangement of the veins in a frog embryo, or tadpole, is 
like that of a salamander, except that the rivalry between the 
newly-established post cava and the diminishing posterior cardinals 
culminates in the case of the frog tadpole in the successful 
monopoly of the circulatory blood traffic by the former and the 
disappearance of the latter (Fig. 295, C). With the elimination of 
the posterior cardinals, the anterior cardinals become single, con¬ 
tinuous channels with the duels of Cuvier, forming veins now 
called jirecueus into which I he jmjular veins empty to return blood 
from the head directly into the right auricle of the heart. In the 
frog the iliaes are represented by femoral and scialic veins, the 
femoral splitting to enter the postcardinal (renal portal) and ab¬ 
dominal, and Ihe sciatic entering the postcardinal. Though the 
tail is lost, there is no consequent, loss of the renal portal. Such 
drastic changes as these, designed to meet the difficult conditions 
accompanying the precarious transitional method of their life, 
are typical of the many bodily makeshifts which this small 
struggling group of vertebrates has had to resort to in order to 
accomplish the great evolutionary feat of emerging from water to 
land. 


The degenerating posterior cardinals become replaced in reptiles 
by a pair of longitudinal vertebral reins (Fig. 295, D), that involve 
anastomoses of inferseymenlal and intercostal reins . 

In the bead region of lizards, snakes, and turtles, as pointed out 
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by Bruner * the venous system is characterized by an abundance 
of sinuses or blood-filled enlargements of the veins, both inside 
and outside of the cranium. Through a modification of the blood 
pressure in the superficial sinuses that extend over I lie skull be¬ 
neath the skin, lhe molting (ecdysis) of the corneal layer over 
the head is facilitated. Recourse to such a loosening device as 
these sinuses is advantageous in the case of these reptiles because 
their thick dry integument, which is particularly tight over the 
head, does not easily allow for ecdysis. In Phrynosonui , the 
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Fig. 296. -Diagrams of Ihe venous system of (A.) a bird and (B) a mammal. 

“horned load" of Ihe cactus regions of southwestern United States, 
the venous sinuses, together with associated muscles, form a curious 
protective mechanism whereby these grot esc] ue animals under ex¬ 
citement are able to squirt blood from their eyes by way of rup¬ 
tured sinuses of the orbital veins. Modifications of the head veins 


are much less in evidence in the Crocodilia than in the three lower 
groups of reptiles just mentioned. In fact the Crocodilia deviate 
markedly in many particulars from all other living reptiles and 
may possibly be regarded as anatomically the evolutionary advance- 
guard of the reptilian army. 

The renal portal system, although persisting in reptiles, becomes 
extremely reduced in birds, with the loss of a muscular tail, while 
the abdominal vein of amphibians and reptiles, that is comparable 

* Amer. Jour. Anal., v. VII, 1907. 
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with the lateral vein of fishes, merges in birds into an epigastric 
vein (Fig. 296, A), whirh is possibly homologous with the embryonic 
umbilical rein of mammals. 

The lost renal portal system is not recovered in the higher verte¬ 
brates, even in those species that possess well-developed tails 
(Fig. 296, IV). 

The venous system of mammals is further characterized by the 
introduction of certain novelties. The persisting anterior end of 
the right posterior cardinal vein, together with remnants of the 
transient supra cardinal and subcardinal parallel to it, becomes the 
azygos vein , while a fragment of this complex on the left joins forces 
as the hemiazygos vein in the more posterior part of the body. The 
azygos and the hemiazygos veins are connected by transverse 
anastomosing bridges into the azygos system. 

In marsupials, rodents, insectivores, and many arliodactyls, the 
azygos system is about- equally developed on I he two side's, while 
in the head region two precavas still persist to return blood to the 
heart in balanced fashion. In edentates, carnivores, and primates, 
on the other hand, a reduction of the azygos system on the left 
side results in an asymmetrical shifting of most of the blood from 
this area to the right side for delivery to the heart, while in the head 
region the right preeava becomes dominant and the left precava 
degenerates into a pensioner in the form of Ihe insignificant so- 
called “oblique vein of the left atrium.'” The blood on the left 
side of the head is now delivered to the right side through the 
transverse left innominate rein which connects the two jugular veins 
when the left precava atrophies. 

Out of the remains of the left precava and the duct of (luvier of 
which it. was a part, there persists the great cardiac vein which re¬ 
turns blood into the right auricle from the walls of the heart itself. 

Not only the heart but all of the larger blood vessels, arteries, 
veins, and lymphatics, are supplied in their outer walls (tunica 
adventitia) with a ramifying system of nutrient blood vessels, 
called rasa rasorum , or “vessels of the vessels,” for just as “shoe¬ 
makers children must also have shoes,” so blood vessels need to 
be provided with a supply mechanism of their own. 


7. LYMPHATICS 


The essential points to iind out about the elusive ghostly lym¬ 
phatics are their extent and relation to the tissue spaces of the body, 
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which are not empty at all but instead are filled with various fluids, 
lhe more important of which are (1) plasma , coufiued within the 
closed haemal system of arteries, veins, 
and capillaries; (2) lymph , carried within 
I he lymphatic vessels, which is much 
like plasma but is without red corpuscles; 

(3) (issue fluid, which is plasma that- lias 
seeped out of the main blood stream 
and bathes the cells of most, of the tis¬ 
sues much as the waters of a swamp 
surround soil particles and keep them 
moist; (1) cerebrospinal Jluid in the sub¬ 
arachnoid spaces around the central 
nervous system which contains certain 
products of internal secretion and is 
different from the lymph in the lympha¬ 
tic channels; and finally (5) the fluid in 
the aqueous chambers of the (‘ye, and 
that in the inner ear which, although 
described by the terms endolymph and 
perilymph , has no direct connection with 
the lymphatic system. 

The anastomosing network of the 
lymph channels , which are crocheted all 
around the other blood vessels (Fig. 

297), is anatomically and physiologically 
distinct from the much more easily seen 
arteries, veins, and capillaries of the 
haemal system through which the ml 
blood flow s. They probably equal if they 
do not exceed the haemal system in total carrying capacity al¬ 
though they do not extend everywhere throughout the body. 

To quote Dr. Sabin who is an outstanding authority in this 
phase of analomy: “Lymphatics have not been demonstrated in 
the adult liver beyond the capsule and the connective tissue septa, 
nor in the spleen beyond the capsule. It is well known that lym¬ 
phatics are abundant in tendons; but that they have not been dem¬ 
onstrated in striated muscle. On the other hand, it has been 


Fi<;. 2*)7.—Lung of /Vcr- 
turus with (Ik* blood find 
lymph vessels injected. The 
lung was rut open, spreud 
out (lat, and mounted in 
balsam. A, artery; V, vein. 
Only the main branches of 
I he artery and vein are 
shown. The Mood and 
lymph \ esse Is wen* drawn 
by means of tin* camera 
lucida and show the exact 
relations of both sets of 
vessels. (After Miller.) 


definitely shown, both in the embryo and in the adult, that there 
are no lymphatics in the central nervous system.” 
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The lymphatic vessels of the digestive tract which project into 
the innumerable villi of the small intestine, are known as lacteals 
because the absorption by them of the fatty products of digestion 
results in an emulsion that gives to them a white milk-like appear¬ 
ance. 

Lymphatic, channels vary in size from minute varicose capillaries 
where transfer of materials takes place, to large duds and sinuses . 
Under the loose skin of a frog there are extensive lymph reservoirs 



Fig. 208. —Suliculaneons lymph sacs of a frog. The skin is rnprosentoU as 
removed and 1,1 m* sacs arc outlined by lines of conneclive tissue I hat join the 
skin to I he, underlying muscles. (Alter Gaupp.) 

in the form of subcutaneous sacs (Fig. 298) which, like a wet blan¬ 
ket, protect the underlying tissues from excessive loss of water 
during the temporary excursions of this amphibian from water to 
land. 

Unlike red blood, lymph always travels toward the heart, back¬ 
sliding being prevented by numerous pocket-like valves like those 
in certain veins, which allow forward movement but prevent re¬ 
treat. While t he (low of lymph is accomplished in some degree by 
gravity, its advance is principally brought about by the muscular 
movements of the exercising body, by means of w hich it is squeezed 
along its one-way course toward the heart. 

Since the lymphatic channels in the adult are not incorporated in 
the closed circuit of the haemal system, the pumping power of the 
heart, being an integral part of the haemal system, can have no 
effect upon lymph movement. 

In the lower vertebrates the larger lymph channels may acquire 
muscular walls and become pulsating lymph hearts , thus supple¬ 
menting by their contraction the body muscles in the forward 
movement of the lymph. Among amphibians the caecilians 
(Apoda) have a pair of lymph hearts for each of the numerous seg¬ 
ments of their elongated wormlike bodies, while caudates likewise 
possess a double row of several lymph hearts, situated along the 
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posterior part of the lateral line on either side. Frogs, and their 
relatives, typically have four lymph hearts in adult life, situated at 
four busy centers with reference to the legs and arms (Fig. 299). 
The anterior pair are at the level of the third vertebra near the 
junction of the subclavian and jugular veins at the base of the 
arms. The posterior pair are at the base of the iliac veins in associa¬ 
tion with the blood supply of the legs on the dorsal side to the right 
and the left of the urostyle and 

can easily be seen throbbing \ I 1$'$ 

under the skin of a live frog. ‘ -vJ.vL' • 

In reptiles only the posterior 
pair of lymph hearts typically 
persist, while in birds and 

mammals even these vanish A B 

after a reminiscent einbrvonic Fi«-2W.-Lymph hearts in a frog, 

4 liana. ant.t*ro-dorsaI region: It, pos- 

appearance. taro-xeiilral region The lymph hearts 

Added to the regular lym- are represented ill black. (After Wieders- 

phatie channels and their mod- ) 

iiications in the form of enlarged sinuses and pulsating hearts, 
there are present throughout the lymphatic system, particularly 
in mammals, numerous lymph nodes, as well as certain localized 
tissues and organs of a predominantly lymphoid character, such 
as the bone marrow, I lie “fat bodies" of hibernating animals, 
tonsils, Foyer's patches in the small intestine, and the spleen. 

Lymph nodes are usually eucapsuled with an internal mesh of 
connective tissue in which leucocytes are lodged. They are supplied 
with incurrent and excurrent capillaries, the former being more 
numerous than the latter. In these nodular substations not only is 
the littering of solid materials in the lymph accomplished, but also 
tarrying leucocytes may there undergo dissolution and removal, as 
well as renewal by mitosis. 

The largest and most constant of the lymphatic organs is the 
spleen , which lies eucapsuled in the body cavity of vertebrates. It 
attains an average weight of seven ounces in man and upon occa¬ 
sion may be extirpated without fatal results. The exact function 
of the spleen is so problematical that no statement with reference 
to it has ever gone uncontradicted. The ancients were quite at sea 
regarding it. Hippocrates, the Father of Medicine, says that 
“it draws the watery part of the food from the stomach.” The 
great Aristotle could only guess that it is a “prop for the stomach,” 
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while Galen, who was the prime authority in anatomy for cen¬ 
turies, oracularly declared that its function is “to keep the body 
warm.” In more recent times, with almost equal vagueness, word 
goes forth that “it is generally believed that this organ shares with 
the lymph tissues in the formation of lymphocytes, and is also con¬ 
cerned in the destruction of waste red blood corpuscles." The am¬ 
bitious student with an itch for discovery may be gratified to know 
that there are still left many little known regions awaiting explora¬ 
tion beyond the horizon. 

The largest of the lymphatic vessels is the thoracic duct , into 
which all the others, particularly those on the left side of the 
body, converge. It opens into the venous system at the junction 
of the left jugular and left subclavian veins. The main right 
lymphatic duel empties into t he right subclavian vein. In mammals, 
although embryonically paired, the left thoracic duet persists and is 
the principal direct communication between the entire lymphatic 
system and the haemal circulation. 

The lymphatic channels arise from the haemal blood vessels, as 
has been demonstrated by Dr. Sabin, and not independently in 
the interstices of the tissues as formerly thought . Endothelial buds 
from the walls of the capillaries grow out and make a centrifugal 
invasion of the entire body, eventually becoming disconnected 
from the closed haemal system except at the points where the 
thoracic duct and the right lymphatic duct connect with the veins 
in the neighborhood of the heart. 

The lymphatic, capillaries forming as outgrowths of the endo¬ 
thelial buds are thus closed at their distal ends and do not open freely 
into tissue spaces. The return of the lymph from these spaces to 
the thin-walled lymphatic capillaries, therefore, like its escape 
from the haemal capillaries, is by the process of seepage and dia- 
pedesis and not by direct entry into open ends of lymphatic vessels. 


JY. The Heart 
1. IN GENERAL 

The vertebrate heart, which is essentially a modified blood 
vessel half artery and half vein, consists of t wo kinds of chambers, 
a thin-walled venous receiving chamber , where the returning blood 
collects, and a thick-walled arterial muscular forwarding chamber , 
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separated from the former by valves which prevent the retreat of 
the blood when the muscular walls contract (Fig. 300). 

The walls of the heart are composed of the three histological 
layers common to blood vessels, with the exception that the in¬ 
voluntary muscle cells of the tunica media are of a peculiar striated 
branching tyj>c which is par¬ 
ticular! v effective for the 

V 

enormous and unremitting 
work that the heart has 
to do. 

Dr. Keen apostrophizes 
the heart as follows: “The 
heart is one of the most 
wonderful pieces of mecha¬ 
nism in lhe world, more 
powerful in proportion to 
its weight than any Baldwin 
locomotive, more delicately 
constructed than the finest 
watch, an organ which must 
do and —mini bile dicta! - 
does do its own repairs while busy at its work. It knows no 
Fourth of July or Christmas or Faster holiday, never can even 
know the joy and relief of sleep, ‘tired nature's sweet restorer.’ 
It begins its orderly reiterated contractions and relaxations long 
before birth, and (hey cease only at death. It must continue them 
in health and in sickness, when its function is often sadly dis¬ 
turbed. In mid career let it slop for but a few moments and death 
comes swiftly, almost instantly.” 


Rir chamber 

(Elastic) 







Step-cocK mechanism Outlet valve Inlet valve 



Elastic chamber Reservoir ^ 

(Aorta.) (Ventricle) (Auricle) 

Fig. 300. —The various parts of a force 
pump (A), compared with the correspond¬ 
ing parts of tli<‘ left \enlrimlar pump of 
the heart (R). (After Keith.) 


2. EVOLUTION 

In amphioxus, in which the circulatory apparatus is so primitive 
that red blood corpuscles are scarce, an accessory lymphatic? sys¬ 
tem is not yet present, and there is no heart at all. The ventral 
blood vessel which extends between the liver diverticulum and 
the gills is contractile enough to send the blood forward. It is 
this part of the ventral aorta that marks the location of the future 
vertebrate heart. From such a beginning the evolving vertebrate 
heart passes through a series of modifications of increasing 
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complexity, until eventually there is developed the four-chambered 
mammalian heart (Fig. 301). 

The lirst step in the differentiation of the vertebrate heart is 
encountered in the larval ammocoetes stage of I lie lamprey eel in 

which the prophetic ventral 
aorta lying between tlie liver 
and the gills becomes some¬ 
what enlarged and modified. 
These changes involve first a 
constrict ion into four cham¬ 
bers, and second a kinking of 
the chambers (Fig. 302), ne¬ 
cessitated by rapid growth 

v „ tv within crowded quarters, so 

tig. 301. —Diagrams illustrating the 1 . 

arrangement of the primitive heart, and that they lKJ longer lie ill a 

aortic arches. A, auricle T, truncus; straight line. Although the 

V veMrkle; VA vitelline ar.,-r>; VV, amnioa)el( , s sla #re of the lam- 

vitelline vein, (From 1 Inn ting ton, alter n 

Heisler.) prey shows the heart still in 

the common body cavit y with 
the liver, intestine, and other visceral organs, among fishes gen¬ 
erally a transverse septum forms by a proliferation of the peritoneal 
walls, and ever after the heart is housed within 
the privacy of an enveloping space of its own, 
the pericardial rarity. 

In elasmobranch fishes the pericardio¬ 
peritoneal canal , a slitlike opening bet ween the 
pericardium and the body cavity, represents 
the last step in the establishment of pericar¬ 
dial independence. 

npi . 1 .• ]•/> ,• i Miitmtin uir iiruiL ui 

The next evolutionary modification, along iish( , s to s(lf)W lhl . re j a . 
with constriction and kinking, is the differ- tion of the conus and 
ential thickening of the tunica media , by which bulbus. A, elasmo- 

means the thick-walled forwarding part of the “'t; ai atrium; h, 
liearL and the thin-walled receiving part be- bulbus; e, conus; s 
come established. The chambers of the elon- s “ ll,s venosus; v, ven- 
gated heart next telescope together so that they tn< ‘ (^ Ur Boas ) 
may be accommodated within the restricted confines of the peri¬ 
cardial chamber. 

(a) Venous Hearts .—The relatively small heart of fishes consists 
typically of a series of four chambers through which only venous 



V 

Fig. 302. ^ene¬ 
ma tic long section 
through the hearl of 
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or noil-aerated blood passes, since the spent blood sent forward 
from the heart to the gills for aeration must make the grand lour 
of the body and become again non-aeraled before it is returned to 
its starting point in the heart. 

Beginning posteriorly the four chambers in the heart of lishes 
are the sinus venosus, ulritim , ventricle, and conus arteriosus (Fig. 
303). The first- two belong to the receiving region of the heart and 



Fic. 303.—Evolution of I he. heart.. A, elasmohronrhs, B, lelmsls; C, am¬ 
phibians; D, lower replilos; E. alligators; F, birds and mammals; a, atrium 
or auricle; \. ventricle, a.o., aorta; 1). hulhus arteriosus; e, conus; d.e., duct of 
Olivier; h, hepatic veins; p.a., pulmonary artery; p.e., post-eaval vein; p.v\, 
pulmonary vein; s, sinus venosus, t, truiicus arteriosus. (After Kingsley.) 


are reservoirs with elastic.rather than muscular walls, while the 
ventricle and conus are thick-walled and muscular, as befits the 
forwarding pump of the blood. The part, of lhe. ventral aorta 
extending to the gills anterior to the conus and outside of the 
pericardium is the francos arteriosus. Its proximal end in elasino- 
brauchs, ganoids, and dipnoans becomes modified into the thin- 
walled conus arteriosus , which by its elasticity aids in regulating 
the back pressure of the blood as it is forced into the nearby capil¬ 
laries of the gills. Eventually the conus is destined to become with¬ 
drawn and incorporated with the ventricle as a single chamber. 

In fishes the single atrium receives the blood that lias been 
poured into the sinus venosus from the ducts of Cuvier and the 
hepatic veins. As in the forwarding arterial part of the heart, so 
the two chambers of the venous receiving part become a single 
chamber, the auricle , by the telescoping together of the sinus 
venosus and the atrium. 

(6) Transitional Hearts. —With the introduction of land life and 
lungs a new secondary shorter circuit is initiated by means of which 
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aerated blood from the lungs is returned directly to the heart be¬ 
fore making the excursion around the body. The pulmonary blood 
is poured into the left side of the common alriuiri, a partition hav¬ 
ing developed that divides the original receiving chamber longi¬ 
tudinally into t wo chambers, a right and a left auricle. 

In dipnoans and amphibians, which accomplish the precarious 
transfer from gills to lungs, there is thus developed what may be 
regarded as a heart and a half, or a heart with one ventricle and 
two atria or auricles. The auricular partition is incomplete in dip¬ 
noans so that a mixture of aerated and non-aerated blood results 
within the auricles of the heart, through the so-called foramen ovale . 
However, as this mixture is passed on to the ventricle, a twisted 
partition in the conus, which has not yet become incorporated in 
the ventricle, tends to shunt the mixed blood I wo ways, that is, to 
the lungs and over the body. 

In amphibians while the auricular partition is complete and the 
foramen ovale is obliterated, there is a mixture of aerated and 
non-aerated blood in the common cavity of the ventricle. When 
sent over the body without, having lirst been revivified by a trip 
to the source of oxygen in the lungs, there results a condition com¬ 
parable with burning coal that is half burned-out ashes and “slag.” 
It, burns poorly. This is one reason why these animals are “cold¬ 
blooded,” since the only pure blood in an amphibian is in the .short 
pulmonary veins. 


This handicap of mixed blood within the ventricle of the am¬ 
phibian heart is partially avoided by the rapidity of the heart¬ 
beat which does not allow time for a thorough mixing of the two 
kinds of auricular blood that enter the ventricle from the two 
auricles, and by the spongy reticular structure of Ihe ventricular 
chamber. Every time that the ventricle is filled, the mass of blood 
occupying t he ventricular cavil y may be thought of as momentarily 
of three kinds, arranged in a sort of temporary stratilication, with 
venous blood from the right auricle placed nearest the exit of the 
ventricle (Fig. 2 ( )1), the aerated blood from the lungs farthest away 
from this exit, and the inevitable mixture of the two somewhere 
in between. As the ventricle expels its contents before these rela¬ 
tions have time or opportunity to change, the result is that the 
non-aerated blood nearest the exit after leaving the heart, fills the 
lirst, possible avenues of escape, which are the pulmonary arteries 
leading to the lungs (the VI th embryonic arterial loop. Fig. 290). 
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The intermediate mixed blood, unable to enter the already filled 
pulmonary arteries, is forced along into the next available blood 
vessels, which are the aortic loops (IVtli embryonic arterial loops) 
distributing blood over the body generally, while the best aerated 
blood of all at the bottom of the ventricle, being the last to emerge 
and finding all other passage-ways crowded lull, passes oil to the 
carotid arteries (lllrd embryonic arterial loops) that supply the 
brain. Thus the brain, that always needs the best available 



Fig. 301. — lluirmn heart of a 7.5 nim. embryo, cut open to show relation of 
parts, aor., aorta: for.P., foramen of Punizza; l.v., loft, ventricle; i.\ .s., inter¬ 
ventricular septum; l.a-v.f, loft auricui<>-\entrioular foramen; pul art., pul¬ 
monary artery; i.a-v.f., right auriculo-\entriculur foramen. (/Viler Kollrnann.) 


aerated blood, is in the way of obtaining it , even in such unintellec¬ 
tual ancestors as frogs and toads. 

The transition from a single to a double heart is further shown in 
Lite reptiles, which have come to forsake ent irely I he gill method of 
respiration, but, with the exception of the Crocodilia, have not yet 
arrived at the estate of a complete double heart. 

Among reptiles a partition forms iti the ventricle which tends to 
keep separate the aerated blood returning from the lungs by way 
of the left auricle to the left side of the ventricle, from the venous 
blood of the body entering the right side from the right auricle. 
This partition is incomplete in most reptiles, so that there still 
exists some degree of mixture between t he right and left ventricles 
through the foramen Panizzae (Fig. 304), which represents the last 
gap in the uncompleted ventricular septum. Non-aerated blood 
from the right ventricle goes out not only to the lungs but in part 
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also through the left aortic loop where it joins the aerated blood 
from the right aortic loop that lias come from the left ventricle to 
form the dorsal aorta, or the main distributing trunk of the body. 
The result is that in reptiles, although the blood is kept unmixed 
as far as the dorsal aorta, from that point on it is mixed blood, being 
distributed over the body with a corresponding inevitable sluggish¬ 
ness of behavior. 


(c) Double I [earls. — In the Crocodilia the foramen Panizzae 
finally becomes obliterated and two complete hearts, superlicially 
incorporated into one, are established. One of these hearts, made 
up of the more powerful left ventricle with the right auricle, con¬ 
stitutes the forwarding and receiving apparatus for the major cir¬ 
cuit over the body, while the other, the smaller right ventricle and 

left auricle, takes care of the 
minor respiratory circuit of 
blood supply to and from the 
lungs. 

Aerated and non-aerated 
blood, which are mixed within 
the single ventricle of the heart 
in amphibians and also in rep¬ 
tiles, where aortic- loops join to 
form the dorsal aorta, among 
birds and mammals are kept 
completely separate. 

3. SIZE A1\D POSITION 

The heart of a bird is pro¬ 
portionately larger t han that of 
any other vertebrate, for the 

Fig. 305.- Diagram showing median reason that an especially efli- 
position of heart in dotted outline. c j en [ pumping apparatus is ro- 

(After Spallehol/.) • i , i . i » • * 

qHired to keep the machinery ot 

strenuous aerial locomotion going. Among mammals small species 
have relatively larger hearts than large forms. The proportionate 
size of the heart also decreases with the relative decrease of the 
heat-dispensing body surface that accompanies growth. For ex¬ 
ample, the weight of a newly-born rabbit’s heart has been found 
to be 5.9 per cent of the total weight, while that of an adult rabbit 
is 2.8 per cent. 
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The position of the vertebrate heart is always ventral to the 
digestive lube, and in gill-breathing vertebrates, far anterior. 
When the head of a lish or a salamander is cut squarely olV, the 
heart is usually included with it. With the development of a neck 
there is a backward migration of the heart in higher vertebrates, 
until in such long-necked forms as swans and giraffes, it comes to 
lie a long distance from its original location, being much more 
centralized with reference to the body. To have the “heart, in the 
mouth" is, therefore, a sort of ancestral sensation that, should in 
no way disquiet a comparative anatomist. 

The adult human heart weighs not far from ten ounces, and is 
approximately the size of the clenched list. It is median in position 
between the lungs (Fig. 305), and not on the left side where it is 
popularly located by tragic actors and sentimental lovers. The 
reason it seems to be on the left side is 
because the throbbing tip of the cone- 
shaped ventricular part normally projects \ 
from behind the sternum towards the left, 
side, where its kick is most readily fell. 

There are man\ misconceptions center¬ 
ing around the human heart. For instance, 
it is never “heart-shaped " according to 
the conventional Saint \ ajcnline’s outline, 
but, instead is a flattened cone. 

4. VALVES 

The most constant valves of the heart. p lc . 306 .—Diagram- 
in the vertebrate series are the auricula- matic Motion of a heart to 
rcnirictihir mltrs, which separate llie rocei\- * how ,h< ‘ ,0, ; a,ion of ,he 

Ul auricle from the forwarding ventricle, aurirular canal; no, aorta; 
They are present in all vertebrates and are an, auricle: b, imlbus; sv, 

kept from reversing under the pressure of si . rms , v 1 , ‘ nw ! ,us: v > v, ' n [ ri - 

the contracting ventricle by tendon-like j„nci ion; 2,2, auricular 
guvs, chordae lendineue, that are anchored junction with canal; 3,3, 
in the muscular walls of the ventricle (Fi K . J^ 1 ** of llis ‘ (Afl,;r 
307). There are only two such valves in the 

heart of fishes but in the double heart of mammals there are five 
present, two between the auricle and ventricle of the left side 
(bicuspid valves) and three (tricuspid valves) on the right side (Fig. 
307). The bicuspid valves are commonly known as mitral valves 
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from a fancied resemblance to a bishop’s miter. It was Huxley who 
once humorously said that he could always easily remember the 
location of the mitral valves on the left side of the heart because 
he “never knew a bishop to be on the right side.” 

The semilunar valves of the conus region are best seen in elasmo- 
branchs and ganoids, where as many as eight rows may appear in 

some species. They are cup¬ 
like pockets, lying Hat against 
the inner wall as the blood 
passes out over them, but 
tilling immediately to block 
the passage-way when the 
blood attempts to retreat. 
Similar valves guard the exit 
from the heart to the pul¬ 
monary arteries and aorta in 
« 

the higher forms. 

The primitive heart of 
fishes in which the sinus ve- 
liosus still persists as a distinct 
chamber has a pair of sinu- 
auricular valves between the 
sinus venosus and the atrium 
that, like swinging doors, 
allow the blood to pass either 
way. This does no harm since both sinus and atrium have the 
common function of acting as reservoirs for returning blood. 

Between the atrium, or auricle, and ventricle, on the other hand, 
one-way traffic must be maintained when the muscular ventricle 
forces out the blood, consequently mitral and tricuspid valves, 
with their chordae tendineae, swing only so far and no farther. 



Fig. 307.—Heart showing valves. (Aflcr 

Jarnmes.) 


5. THE WORK OF THE HEART 

While compressing muscular movements of the body are largely 
responsible for the propulsion of lymph t hrough the lymphatic 
channels, the heart is the indispensable pump by means of which 
the circulation of the blood is accomplished. 

The blood must be kept in constant motion. That this is done 
is shown by the familiar fact that from any wound, however slight, 
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which makes a break in the circulatory channels, blood immediately 
flows out. 

In amphibians and certain annelid worms a constant circulation 
is brought about simply by the contraction of arterial blood vessels, 
but in vertebrates generally, owing to the enormous expanse of the 
capillaries developed, contraction of the arterial walls is not suffi¬ 
cient to keep the blood in motion, and a heart becomes necessary. 
/Vs has been indicated, the heart acts both as a force pump (Fig. 
300), filling the arteries from the ventricles, and as a suction pump, 
drawing venous blood into the auricles. 

The rate of flow of the blood is faster of course when an animal 
is active than when quiet. The contractions of the heart of a hi¬ 
bernating fish, for example, may fall from over 100 per minute to 
two or three, while that of a mouse, whose normal heart-beat is 
about 173 per minute, may go up to 000 per minute under the 
sudden stimulus of fright. 

When a person is sitting quietly, about, five pints of blood per 
minute arc forced info (he aorta, an amount which upon violent ex¬ 
ercise may rise to an out pul of thirty-five pints per minute. Since 
the total amount of blood in a human adult is approximately only 
len to fourteen pints, it is evident lhat, while undergoing moderate 
exercise, all of I he blood of the bod y passes t hrough the heart at 
least twice every minute.* Thus, bv the most conservative esli- 
mates, the strenuous red blood corpuscles in their brief lifetime 
travel many miles, while accompanying leucocytes that detour 
constantly from the main path, like an active exploring dog on a 
countrv ramble with his master, have still more extensive loco- 
motor adventures. Though ranging wider, they do much of it 
more slowly and therefore do not maintain the average rale of the 
red corpuscles. 

Another way of reckoning the marvelous work performed nor¬ 
mally and continuously by the human heart is to recall that with 
72 beats per minute two ounces of blood are squeezed out al each 
beat, making the total daily output approximate 13,000 pounds, 
liven the heart of delicate Juliet, sighing in her balcony, did that. 
When a husky stevedore is forced to handle 13,000 pounds of 
freight in his day's work, lie is honestly weary at nightfall and 
quite in the frame of mind to strike for shorter hours. 

The constancy of the (low is aided not only by frictional re¬ 
sistance of the moving blood against the inside walls of blood 
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vessels, but also by adjustable variations in pressure upon the blood 
stream exerted bv the contractile walls of the blood vessels under 
the regulatory stimulus of involuntary vasomotor nerve endings , 
that act as “stopcocks” (Fig. 285). “As these terminal arteries 
number lens of thousands, and each of them is regulated and con¬ 
trolled, one can conceive how complex the stopcock system of the 
human machine is” (Keith). Jf the var>ing work of the heart 
were not regulated b> some kind of automatic device for adjusting 
the blood pressure and controlling the tlow, disaster would in¬ 
evitably follow whenever in the countless exigencies of life, a sud¬ 
den extra load is thrown upon this faithful pump. That the con¬ 
trol of these stopcocks, or the sphincter muscles of the arterioles, 
is not entirely dominated directly by the autonomic vasomotor 
nerve endings, is shown by the fact that the adrenaline hormone 
is likewise able to act on the arteriole sphincters to modify the 
flow 7 of blood. , 

The tireless beat of the heart itself is initiated and regulated at 
the sinu-auricular node (Fig. 306). This “pace setter of the verte¬ 
brate heart” is a narrow zone of tissue that marks the transitional 
region between the sinus venosus and the atrium in the fish heart, 
and which becomes incorporated as a part of the auricle in higher 
vertebrates. Another indispensable part of the mechanism of the 
throbbing heart is the uuriculo-venlriaihir node , a dense network 
of cardiac muscle libers connecting the auricular and ventricular 
walls, and acting somewhat like the “timer” in an automobile. 
Across this bridge the initiatory stimulus, originating in the sinu- 
auricular node, is transmitted to the ventricle completing the 
heart-beat. The auriculo-xentrieular node was discovered in the 
human heart by His in 1893, and is consequently known as the 
bundle of Ills. 

Although the heart beats in successive throbs, a constant flow of 
blood is maintained, because the pressure which is naturally higher 
in the arteries than in the veins slows down the passage through 
the capillaries, thus equalizing the throbbing impulse of successive 
heart-beats. 


6. EMBRYOLOGY OF THE HEART 

The human heart in its development, is reminiscent of evolution¬ 
ary differences that are exhibited in the vertebrate series. 

Tow ard the end of the second fetal week it appears in the form 
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of right and left cardiac channels which become fused into a median 

blood vessel, corresponding to the ventral aorta in ampliioxus (Fig. 

308). It soon kinks and con- ^ 

stricts, going through the histori- 

cal paces set by vertebrate fore- ^^ 

bears until, sometimes before \y 
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Fkj. 308.—Diagrams illustrating 
the formation of die heart in the 
guinea pig. The mesoderm is repre¬ 
sented in blnek. i, intestine; II, heart. 
(From MeMurrieh, after Strahl and 
Car ius.) 




Fit;. 309. -I)i agraminalie cross 
seel ions of dev (‘loping heart. In A 
llie descending mcsolhclial plates 
have nearly met, with a number of 
vascular eel Is between them In R 
the plates hu\e met Neutrally, form¬ 
ing the ventral rnesoeardiiim. most 
ol the vascular cells have been uti¬ 
lized in forming endocardium, end. 
In <\ die plates have met dorsally, 
the ventral plate has disappeared, 
mid the peiieardium, p, has been 
established, e, coelome; ee , ecto¬ 
derm, cn . endoderm; end., endo- 
eardium, m. mesoderm; p, peri¬ 
cardium; v, vascular eells. (After 
Kingsley.) 


birth, wilh the obliteration of the foramen Panizzac in the septal 
walls separating the ventricles, and of the foramen ovale in the 
wall between the auricles, it becomes a complete double four- 
chambered vessel. 

The formation of the heart from its double components and its 
enclosure within the pericardial sinus is shown in Figure 309. At 
first the heart is entirely outside I he body walls (Fig. 310), but 
eventually it moves in by means of adjustments in relative growth, 
and takes up a permanent, centralized position inside of the protect¬ 
ing body walls. 
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7. THE VOCABULARY OF ROMANCE 

The heart has long been regarded as the center of the affections. 
It would be far more appropriate, all bong) i less glamorous, for 

lovers who now pledge their hearts to 
each other to pledge their livers instead, 
but the heart has been so long regarded 
as the citadel of the affections that the 
vocabulary of romance would be bereft 
without it. Morally the reputation of 
the heart varies between “the heart is 
deceitful above all things and desper¬ 
ately wicked’’ and “a good man out 
of the treasure of his heart- bringeth 
forth that which is good.” 

\. OiuciN of CmcuL vtohy Systems 

The beginnings of the circulatory ap¬ 
paratus appear very early, since the 
transport of food stuffs to the region in 
the egg where the new animal is destined 
to materialize is a primary necessity, in 
the chick (Fig. .Ill), which has been 
much studied, the beginnings of the for¬ 
mation of the circulatory apparatus are 
as follows. As soon as the fertilized egg has undergone preliminary 
cleavage, and the potential pioneer cells have arranged themselves 

dxiaf mesoderm 

ectoderm mesoderm 

Cotlonvc spaces 



Fig. 311. —Transverse section through the primitive streak of a chick of 
about, twenty-four hours, showing the formation of blood vessels and blood. 
'The section extends from the mid-line nearly half across the area vasculosa. 
(After Kellicotl.) 
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Fig. 310. Human em¬ 
bryo of I,tie (bird week show¬ 
ing gill elefts and external 
heart. (After 11 is.) 


into the primary germ layers, certain marginal cells of the spread¬ 
ing splanchnic mesoderm become clumped together, forming so- 
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called blood islands . These consist of liaemopoietic or blood-forming 
cells surrounded by flat endothelial elements which are destined to 
become the lining of future capillaries. The blood islands thus form 
a halo around the embryo on the surface of the yolk bet ween the 
endoderm and the splanchnic mesoderm. The developing capillaries 
that permeate the blood islands coalesce to form eventually a pair of 
definite blood vessels, the vifellirie reins , one on either side. These 
lead directly into the growing body of the embryo where they unite 
into a common trunk 
or ventral aorta which 
is the beginning of the 
future heart (Fig. 301). 

From this primitive 
heart aortic loops 
emerge and continue 
outward to the capillary 
field of the blood islands, 
as vitelline arteries. This 
primary circuit, the first 
to be established in \ er- 
tebratc eggs with well- 
developed yolk, is called 
the vitelline circulation 
and has to do with the 
transportation of food 
(Fig. 311). 

Budding off from the 
vitelline circuit wilhin 
the enlarging body of 
the embryo are second¬ 
ary trunk-lines which 
extend to and from both 
head and body regions. 

These, together with 
relics salvaged from the temporary vitelline circuit, later make up 
the permanent systemic circulation (Fig. 312). 

Still a third circulation, the allantoic , is temporarily necessary 
during the development of higher vertebrates to meet the condi¬ 
tions imposed by embryonic life within an amnion. It. consists of a 
pair of allantoic arteries arising from the posterior region of the 


aud ves 


car a. 


v. 



Fm. 312. -A diagram showing arrangement 
of hlood \ essels in a chick embryo at Hie <*11(1 of 
the fifth day of inc ubation, uu., aortic arches; 
al.a., allantoic' artery; car.a., carotid artery; 
chucI. a., caudal artery: pul.a., pulmonary 
artery; vit.a., vitelline artery; r.a., right 
auricle; aud. ves., auditory \esirle; s.veil., sinus 
venostis: tr.a., truncus arteriosus; ah, allantois; 
al.v., allantoic vein; a.c.\., anterior cardinal 
vein; p.c.v., posterior curdinal vein; p.v.c., pos¬ 
terior vena cava; jug.v., jugular vein: vit.. v. t 
vitelline vein. (Modified from Marshall.) 
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aorta, which extend out to supply the temporary saclike respiratory 
allantois. The returning allantoic veins enter the systemic circu¬ 
lation close to the entrance of the vitelline veins (Fig. 313). 

In mammals the allantoic arteries and veins become the um¬ 
bilical arteries and veins that form the respiratory bridge through 
the placenta between the fetus and mother. The placenta itself is a 



Fig. 313. — Diagram of embryonic circulation in a largo yolked vertebrate, 
aa, aortic arches; at, allantois; al.a, allantoic artery; an, anus; ca, caudal 
artery; c.v, caudal vein; da, dorsal aorta, de, duet of Cmier; h, heart; j, jugular 
vein; I, liver; om.a, omphalomesenteric artery; oin.v, omphalomesenteric vein; 
pc, postcardinal vein; si, subintestinal vein; st, sinus terminalis; \a, ventral 
aorta; y, yolk; ys, yolk stalk. (After Kingsley.) 


compound capillary mammalian organ of double derivation, the 
part from the allantois of the embryo interdigitating into the 
uterine wall of the mother so that by osmosis there can occur a 
transfer of materials between the blood of the two. In the earliest 
known human embryo in which the circulation is described, the 
allantoic component seems to take precedence over the vitelline 
circulation, a slate of affairs not unexpected since in mammals, as 
contrasted with reptiles and birds, the yolk sac and the accompany¬ 
ing vitelline blood vessels play a role of ever decreasing importance. 
The need of a vitelline circuit wanes with the vanishing yolk, while 
the allantoic circuit becomes useless upon hatching or at birth. 
Thereafter the systemic circuit takes up its constant functions and 
maintains them throughout life. The precarious transition from 
embryonic to permanent circulatory devices involves profound 
modifications. In mammals, where the umbilical cord is severed at 
birth, it is very abrupt. 

There are three pairs of venous trunks opening into the em¬ 
bryonic heart: first, the ducts of Cuvier , bringing in systemic blood 
from the head, body, and limbs; second, the allantoic or umbilical 
veins , from the respiratory allantois; and third, the omphalomesen - 
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teric veins, which are formed by the union of the vitelline veins 
from the yolk and the mesenteric veins from the digestive tube. 

The allantoic veins cease to Junction with the transfer of respi¬ 
ration from extra-embryonic sources to the lungs within the body. 



Fig. 314.—A-K, diagrams ol' the development of the hepatic portal system 
from dorsal view. AT., anterior cardinal vein; D, duodenum; DV, ductus 
venosus; H, hepatic vein; LI I, left hepatic vein; LI), left uinhilieal vein; 
l\ portal vein; PC, posteardinal vein; SV, sinus venosus; 13, umbilical vein; 
V, vitelline vein; VO, vena cava; HA, right auricle; KH, right hepatic vein. 
(After Huntington.) 

The omphalomesenteric veins have a somewhat different fate, for 
just before entering the heart they become surrounded by glandu¬ 
lar tissue of the growing liver in which they break up into a capil¬ 
lary network in intimate contact with the gland cells (Fig. 311). 
Connecting veins between the two omphalomesenteric veins re¬ 
sult in the formation of a ladder-like arrangement of blood vessels 
in the liver. With the subsequent degeneration of parts of this 
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latter, there remains only a compound remnant, the hepatic portal 
vein, from the intestine to the liver. This vein is made up mostly 
of the right omphalomesenteric vein, while the corresponding parts 
of the left omphalomesenteric eventually disappear. The proximal 
ends of both omphalomesenteric veins persist and go from the liver 
to the heart as the hepatic veins . 



CHAPTER XIII 


fllE RELEASE OF ENERGY 
(R ESP IR \ TORY SY ST EM) 


I. In General 


1. THE RESPIRATORY ENVIRONMENT 

Every living thing of which we have any knowledge exists on 
the planet earth at the bottom of a vast atmospheric ocean. Air 
envelops not only all land surfaces but extends also to the utter¬ 
most depths of every body of waler, large or small, so that aquatic 
as well as terrestrial animals and plants lind themselves bottom- 
dwellers with respect to the all-inclusive atmosphere. 

Air not only presses on all the external surfaces of the body at 
approximately fourteen pounds to the square inch, but also en¬ 
velops the internal surfaces of the lungs. The oxygen contained in 
the air forms the indispensable setting for the drama of life. Or¬ 
dinarily the amount present is about 21 per cent by volume, while 
approximately 78 per cent is free, nitrogen, an inert gas which 
dilutes oxygen to livable proportions. 

Although the large amount of free, nitrogen in the air plays no 
direct part in respiration, it is a most important chemical com¬ 
ponent, of the protein compounds that make 1 up living matter. Jt 
is not, however, available for use as protoplasm-building material 
in its abundant free form, but must undergo a sequence of chem¬ 
ical combinations through the agency of plant life before it can 
finally be incorporated in the animal body. 

The mixture of oxygen and nitrogen which we call air is essential 
to life. It is said that a dog can live three months without food, 
three days without water, but only three minutes without air. Of 
all known organisms only the extremely specialized group of 
anaerobic bacteria seem to be able to live without the oxygen of 
the air, and even they obtain it by the chemical break-up of theii 
own bodily structure. 

Although the atmospheric envelope is enormously extensive in 
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every outward direction, the only part of it occupied by living 
tilings is comparatively the merest film in thickness, where the 
atmosphere comes in contact with the solid earth. The greatest 
vertical distance from the atmospheric floor reached by any 
organism has been attained by modern human aviators, who in 
order to outstrip soaring birds have had to include in their equip¬ 
ment a supplementary supply of stored oxygen. The exceptional 
altitudes gained by human pioneers of the air must be regarded 
as insignificant in extent when compared with the distances in¬ 
volved in the horizontal exploration of the earth s surface. 

Probably eighty per cent of all known animals breath ('free air. 
This category includes mammals, birds, reptiles, many amphibians, 
some fishes, the great fraternity of traeheate arthropods, besides 
certain gasteropods among the mollusks, and some annelids. 
Strictly, however, no animal breathes ‘Tree air/’ since a wafer 
film is necessary for every respiratory surface, in the minority 
innumerable aquatic invertebrates, fishes, and perennibranchiate 
amphibians habitually breathe air that has been di.ssolncd in ivaler. 
that is, air which occupies the invisible interstices between mole¬ 
cules of water. Some animals, for example whales and pulmonale 
snails, live habitually in water but come periodically to the surface 
for free air, while a few exceptional land animals, such as the ter¬ 
restrial isopods and land crabs, still retain at an obvious disadvan¬ 
tage the primitive aquatic method of taking air in water by keeping 
their gills moist, although they have deserted water as a medium 
in which to live. 

Since there is considerably more oxygen in free air than in air 
dissolved in water, free air-breathers in general exhibit more energy 
than aquatic forms, living as they do in a more favorable respira¬ 
tory environment. As a matter of comparison sea wafer contains 
five to seven cubic centimeters of oxygen per liter; flowing fresh 
water, six to eight cubic centimeters; and free air over 200 cubic 
centimeters per liter. 



THE 


EXCHANGE OF GASES 


When the Declaration of Independence was signed no one knew 
that respiration is a form of slow combustion, dependent upon a 
component in air called oxygen . Lavoisier made this clear for the 
first time in 1777. In 1794 he was guillotined by his unappreciative 
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fellow countrymen as “one of tlie enemies of Hie country.” Thus 
politics dominates science. 

The exchange of gases which we term “breathing" is primarily a 
physical rather than a biological phenomenon. The taking in of 
oxygen is a process of passive ditlusion that ceases as soon as the 
oxygen within the. cells concerned balances with that outside. As 
a result of taking in oxygen, tissues are slowly broken down, while 
tlie energy used to build them up is released, much as “stored 
sunshine" from plants of the Carboniferous Period is recovered in 
the form of heat-energy whenever these fossils which we call "coal " 
are burned under a draft of air. In both burning coal and living 
body the most conspicuous product of combustion is carbon dioxide. 
This is given oil* directly, since it acts as a poison when retained. 
In fact the removal of carbon dioxide is so urgent a matter that 
no animal can “hold its breath" very long without being com¬ 
pelled h> an imperative stimulus quite beyond its control, to re¬ 
sume breathing movements. This powerful stimulus, which in¬ 
sures the continuous working of the mechanism of respiration, is 
due to an excess of carbon dioxide in t he blood acting upon a retlex 
center in the medulla of the brain. 

Unlike food, neither the carbon dioxide of metabolism nor the 
oxygen of the air can be stored within the body. Consequently, 
although respiration can bo reduced to a minimum during times of 
exceptional inactivity, it cannot entirely cease during life, a fact 
that distinguishes a living energy-producing organism from dead 
things. 

Respiration, with reference to carbon dioxide, is an excretory 
function, for in the maintenance of life it seems to he of more im¬ 
portance to get rid of this deadening gas than to acquire more 
oxygen, although the two processes go hand in hand and are both 
indispensable. Aquatic animals are easily killed in carbonized 
water, even when oxygen is present, in sullicient amount for breath¬ 
ing. The excretory phase of respiration is clearly demonstrated by 
the fact that hydrogen sulphide, injected into the blood, is elim¬ 
inated through the lungs. 

Physiologists distinguish between external and internal respira¬ 
tion. The former is concerned with the gaseous exchange of oxygen 
and carbon dioxide between blood and air. The latter has to do 
with the essential transfer between blood and other tissues, or 
ultimate cells of the body, that constitutes the effective part of 
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respiration, and brings about the release of energy characteristic 
of life. The distinction between external and internal respiration 
disappears in small animals which have not elaborated a circulatory 
system, the transfer of gases taking place directly through the un¬ 
differentiated surface of the organism in contact with its atmos¬ 
pheric environment. 



THE ESSENTIALS FOR ANY RESPIRATORY DEVICE 


In order to utilize the oxygen of the air, any living mechanism 
that has evolved far enough to have a true circulatory system 
must meet the following conditions: (1) the blood that is to receive 
oxygen must be separated from the air by a retaining cellular wall; 
(2) the wall must be suilieiently permeable to permit easy osmosis 
of gases; (3) the wall must be kept moist in order to permit thin¬ 
ness and permeability without drying up upon exposure; (4) the 
total walls or respiratory surfaces must be extensive enough in 
area to insure an adequate osmosis of oxygen for the organism con¬ 
cerned; and (5) a current of fresh air must be made to pass re¬ 
peatedly or continuously across the respiratory 
surface. These conditions are. met in a variety 
of ways by different animals. 

4. DIFFERENT KINDS OF RESPIRATORY 

MECHANISMS 

In the more primitive aquatic forms, diffuse 
breathing through the surface of the body pre¬ 
cedes localized breathing through specific re¬ 
spiratory organs, such as gills or lungs, although 
both methods may be employed simultaneously, 
as in amphibians. Diffuse breathing is a decided 
spiratory tracheal handicap, however, since the necessarily delicate 

tubes of a honey integument in animals that, ernplov this method 

bet*. (After llert- . » , . . . ...... l 

w ^) is not only subject to mechanical injuries, but 

its possessor must remain under water in order 
to escape the disastrous effects of exposure to dryiug air. 

The two most successful breathing mechanisms among terres¬ 
trial animals are tracheal tabes and lungs. Tracheal tubes, which 
have been elaborated by the great specialized host, of insects, con¬ 
sist essentially of ramifying tubes of inturned integument that 
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admit air to the immediate neighborhood of the blood within the 
body cavity (Fig. 315). 

Lungs are air sacs in intimate proximity to vascular networks, 
with elaborate modifications for increasing the respiratory surface 

without harmful 
exposure to the des¬ 
iccating effects of 
the outside air. 

F ]0- 316.- Goggle- The intake of 

eyed Periopmlialmus , a , . 

fish which climbs out °xygen aiK * Fig. 317 .— Branching 

of water on the aerial outgo of carbon spiratory barbules of the larva 
roots of mangrove trees dioxide may be ef- an African load, Xenop 
to catch insects. (After „ , , rn . (From Wiedersheim, af 

Kruepclin.) fected difffirent },| es .) 

parts or organs of 

the body. In many protozoans, for example, oxygen is admitted 
through the surface ectoplasm , while the contractile vacuoles are con¬ 
cerned directly with the disposal of accumulated carbon dioxide. 
Aquatic amphibians, all hough acquiring oxygen 
principally by means of lungs, give off carbon 
dioxide, which has great solubility in water, 
largely through the skin. 

In addition to the gills, skin, and lungs of 
vertebrates, t he tracheal tubes of insects, and 
the more primitive ectoplasmic devices of pro¬ 
tozoans, a museum of respiratory inventions 
would be bound to contain a long array of 
devices that different members of the animal 
kingdom use in solving the universal biological 
problem of gas exchange. To cite only a few 
of the more familiar of these devices among in¬ 
vertebrates there may be mentioned the ciliary ^hoh aTr s^ aTe 
system of sponges; the ahoral tentacles of star- probably integumen- 
fishes; the respiratory tree safe within the di- tary respiratory di¬ 
gestive cavity of the mud-inhabiting sea-cucum- ^nger ) ^ A fter ** ou ~ 
bers; the curious respiratory bladder of rotifers; 
the inlegumenl of the sinuously waving annelids; the expansive 
mantle of mollusks; and the compact lung-books of spiders. Among 
vertebrates may be added the remarkable respiratory tail of the 
goggle-eyed Periophthalmus of the Indo-Pacific mangrove swamps 
(Fig. 316), a fish that can remain for hours out on land with only 



Fig. 318.-Hairy 
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its highly vascular tail submerged in water. Finally there is an 
Antillean frog, llylodes mar linens is, which undergoes its entire 
metamorphosis within the egg, likewise accomplishing breathing 

during this critical period by means of a broad 
respiratory allantois-like tail. 

It must not be forgotten, moreover, that in 


IM vo 

,V) all reptiles, birds, and mammals, the allantois 
provided as a temporary brealhing organ 
during embryonic life. This highly vascular 
Fig. 319.—Th< device for gas exchange is absorbed before 
gills of < limhmg hatching in the case of reptiles and birds, and 

posed to show how ’ n mammals is lost at birth with the placenta, 
they are protected The lungless salamanders which swallow air 
beneath the operni- have a pharynqo-esoit ha(jcal network that acts 

from drying up dur- as an accessory respiratory contrivance to sup- 
ing the excursions out piemen l the integument and gills, while the 
ol water which this | arva () f (he South American toad Xenopus 

curious fish nukes. ..... . « . . . 

(After Hilzhei ner.) v^ 1 *- 0. possesses a kind of integumentary 

chin irhiskers which, according to Bles, are 
respiratory in function. In the case of the hairy frog, Trichobalra- 
cus , also (Fig. 318), the “hairs" probably serve the same purpose. 

Certain lishes, Calliclithys, Hypostonuis, Doras, Misgurnus, and 
Colitis, breathe by means of a vascular rectum, alternately sucking 
in and squirting out water 
through the anus, and tur¬ 
tles in similar fashion uti¬ 
lize a pair of lateral cloacul 
sacs with capillary walls. 

The air-breathing laby¬ 
rinthine fishes, Polycan- 
thus, Osphromenus , Tri- 
chogaster, Alacropodus, Fir. 320.—A flying fish, Exocnetes. (After 
Ophiocephalus, Glorias , and Hesse.) 

the Fast Indian climbing perch, Analxis (Fig. 319), have a peculiar 
enlargement of the gill cavity, behind the eyes and dorsal to the 
first and second gill arches, in which pocket-like space there is a 
much folded vascular structure, the labyrinth, that meets all the 
requirements of a respiratory organ, under the difficult conditions 
of enveloping mud. 

The glimmering Hying fishes, Exocoeles (Fig. 320), that enliven 
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the surface of tropical waters, may “hold their breath” for the 
brief intervals during which they forsake the water, since their 
gills do not seem to be supplemented by any peculiar additional 
breathing organs, although moist gills for a brief time in air would 
be admirable brealhing organs. 

The swim bladder of fishes, as well as the accessory air sacs of 
birds and of some reptiles, which will be more fully described later, 
are both special devices connected with the function of respiration. 
Finally, there are gills and lungs, which are the most general types 
of respiratory mechanisms among vertebrates. 

IT. Gills 

The problematical ancestral vertebrates, amphioxus and the 
tunicates, that are largely sedentary in habit, obtain their micro¬ 
scopic food through ciliary action by creating a current of water 
which (lows into the mouth. Since the current of water also con¬ 
tains oxygen essential to respiration, it is obvious that respiratory 
organs placed in its pathway will be most favorably located for 
obtaining oxygen. (Jills, lungs, and even more uncommon re¬ 
spiratory devices, such as swim bladders in fishes and pharyngo¬ 
esophageal capillaries in lungless salamanders, therefore, are found 
colonizing at the anterior end of the alimentary canal. There is in 
fact an intimate relationship between the respiratory organs of 
vertebrates and the anterior end of the digestive tube. 

Originally perhaps the entire digestive tube shared in the respir¬ 
atory function, as suggested in the rectal breathing of certain 
fishes. Surely in amphioxus as much as the anterior half of the 
tube is concerned with respiration. In most vertebrates, however, 
the apparatus for breathing is more restricted, although still closely 
connected with the pharyngeal region. 

Aquatic vertebrates like fishes have a series of paired lateral 
openings, the gill slits, in the sides of the pharynx, making possible 
a dual disposal of the water taken into the mouth. This can either 
pass straight on through the esophagus to the stomach and intes¬ 
tine, in which case its food content is utilized, or it can stream out 
through the porthole-like gill slits, when the oxygen that it con¬ 
tains is transferred to the delicate respiratory gills, or branchiae , 
hanging suspended within the space of the gill slits. In this way 
both respiration and alimentation are effected. 

Between the gill slits, embedded in the walls of the pharynx, 
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are skeletal parts of the splanchnocranium that form the gill arches , 
which furnish support for the vascular gills. 

During the early embryonic development of all vertebrates, a 
series of internal pockets, or gill pouches (Fig. 321, A), push out¬ 
ward from the sides of the pharynx. These are lined with the same 
sort, of endothelial tissue found throughout the alimentary canal. 

Meanwhile on the outside, corresponding indentations or de¬ 
pressions in the ectoderm, called gill clefts (Fig. 321, B), make an 
appearance. Later the gill pouches and the gill clefts meet, sep¬ 
arated only by a thin sheet of 
tissue which in fishes breaks 
through to form the gill slits 
(Fig. 321, C), thus completing 
the passage-way from the pha¬ 
ryngeal cavity to the outside. 

In addition, along the mar¬ 
gins of the gill slits, delicate 
feathery thin-walled evagina- 
tions containing capillaries de¬ 
velop as gill filaments , or 
“gills,” and these are the essen¬ 
tial organs of respiration. 

The number of pairs of gill 
slits varies from fourteen in 
the cvclostome Bdellosloma 

4 / 

polylrema of the Pacific Coast, to only one pair, between the third 
and fourth gill arches, in the derotreme salamanders. 

The complicated branchial basketwork of tunicates (Fig. 11) 
forms a remarkable exception, as well as the sixty or more pairs of 
gill slits in the elongated pharynx of amphioxus (Fig. 14). 

Among reptiles, birds, and mammals gill slits do not normally 
break through, although both gill pouches and gill clefts occur in 
the embryo. Whenever a pharyngeal fistula, as occasionally re¬ 
ported in medical literature, turns up in a human being, the com¬ 
parative anatomist, if not himself the possessor of the strange 
anomaly, is delighted with this reminder of past history. 

1. INVERTEBRATE GILLS 

The gills of invertebrates are not associated with pharyngeal 
gill slits, as in vertebrates, for there are no gill slits present. Gills 
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Fig. 321. —Diagrams to illustrate the 
formation of gill pouches, clefts, and 
slits. A, early stage, showing the out- 
pushings of the pharynx that form the 
gill pouches, p; B, intermediate stage 
with gill pouches and in-pushings from 
the outside, or gill clefts, c; C, later 
stage, in which pouches and clefts have 
met and formed passage-ways, or gill 
slits, s, from the pharynx to the out¬ 
side, in which the gill filaments hang 
suspended. (After Hyman.) 
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(nay be located anywhere along the outside of the body within 
easy access of the water. For example, in free-swimming annelids, 
such as Nereis, the gills are located in tufts of parapodial append¬ 
ages extending along either side of the body. In mud-dwelling or 
tube-inhabiting annelids these structures crowd together in a beau¬ 
tiful feathery tuft at the exposed anterior end, since they would be 
at a disadvantage buried within the tube or the mud burrow. 

The ciliary “gills” of lamellibranch niollusks are concerned pri¬ 
marily with directing a stream of microscopic food toward the mouth 
opening, and they are of doubtful respiratory service, this function 
being performed instead by the expanded surface of the “mantle.” 

The thoracic gills of crustaceans and t lie abdominal gills of larval 
aquatic insects are simply thin feathery expansions of the ehilinous 
exoskelelon, enclosing tracheal tubes which in this way extend out¬ 
side of the body rather than being turned inside, as in land tra¬ 
chea tes. 

2. PRIMITIVE GILLS OF AMPHIOXUS AND TUNICATES 

The fact, that liniicat.es are enveloped in a thick uon-respiratory 
cellulose tunic makes necessary an enlarged pharyngeal basket, 
that forms a respiratory structure often exceeding in size all the 
other organs of the body. The tunicate Phallus in (Fig. II), for 
example, has a branchial basket perforated with several hundred 
gill slits, while the ghostly transparent Appendieularia, which are 
microscopic tunieutes without a cellulose mantle and consequently 
with greater capacity for diffuse in tegumental breathing, possess 
only a single pair of gill slits. 

Amphioxus is characterized by an exceptionally generous number 
of gill slits, and these are bordered by flat primitive vascular tissue 
that presents much less respiratory surface than is common to the 
more elaborate gills of fishes and amphibians. No expansive gill 
filaments are found hanging in the gill slits, such as appear in 
higher aquatic vertebrates, so this ancestral animal is obliged to 
make up in number what it lacks in area of individual gills. The 
entire pharyngeal region is enclosed in a peribronchial chamber 
opening indirectly to the outside through a single ventral atrial pore, 
instead of directly through the gill slits. The walls of this cham¬ 
ber protect the delicate gill surfaces from the sand in which 
amphioxus burrows, while allowing the unobstructed passage of 
water through the gill slits. 
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Since the numerous gill slits of both amphioxus and the tunioates 
increase the hazard of the escape of food through them, the de¬ 
velopment of a device for directing 
bits of food past these lateral openings 
to t he esophagus is necessary. The 
apparatus accomplishing this end con¬ 
sists of two ciliated glandular grooves, 
the ventral endostyle (Fig. ‘522), and the 
dorsal epibranehial (jmore , in which food 
particles become collected together into 
a sort of mucous rope that spins along 
continuously into the gullet. Later in 
vertebrate evolution, when the en- 



Fig. 322.— Diagrammat ie 
cross section through the 
endostyle of ('(ueehna tepid i- 
forrtus , showing glandular 
walls, and projecting cilia 


standing up in the bottom of dost > le is no longer needed for the 

the groove. (Alter See tiger.) ’ r n .• i * • r i 

purpose ot col tec ting and steering iood, 

this pharyngeal groove becomes transformed into the thyroid (jlarid 
with an entirely different function. 

The student of comparative anatomy often finds things like this 
in the moiphologieal junk pile, that have become utilized for pur¬ 
poses entirely different from those to 
which they were originally put. 


0 0 U UJM 


3. CYCLOSTOME GTLLS 

The arrangement of gills in cydo¬ 
st onies is somewhat different from 
that in typical fishes. \ partition is 
formed between the alimentary and 
the respiratory part of the pharynx 
by a backward extension of the esoph¬ 
agus, leaving the branchial appara¬ 
tus in blind lateral pockets on the two 
sides (Fig. 323). Water in its passage 
over the gills consequently may enter 
through the anterior gill slits instead 



Fig. 323. --Diagram of the 
relation of the esophagus and 
respiratory tract in A, XJysine, 
and B, Petromymn, b. bran¬ 
chial duct; <\ esophagus; t, thy¬ 
roid gland. (After Kingsley.) 


of the mouth, which is frequently otherwise occupied ou account 
of the suctorial habits of these animals. The gill slits are also 
modified by the widening out of the gill pouches into separate 
pockets, each of which connects by a narrowed passage-way with 
the pharynx as well as with the outside. Since the gills are located 
in these pockets, eyclostomes are frequently referred to as Marsipo - 
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branchs, meaning “pouched gills/' In this group different species 
of Bdclloslorna have from ten to fourteen pairs of gill slits; Petro - 
myzoriy eight embryonic pairs but only seven in the adult; and 
Myxirie , six pairs, with all the external passage-ways uniting into 
a common canal opening by a single pore to the outside. 

4. ELASMOBHANCH ANI) HOLOCEPHALAN GILLS 

Gills of elasrnobranch fishes are lateral in position in sharks and 
dogfishes but ventral in the flattened skates and rays. They open 
independently to the outside and are separated from each other 



Fig. 324.—Relation of gills to branchial chamber. A, elasmobraiich. with gill 
septa; B. teleost, without gill septa. (Modified from Sehimkewitseh.) 

not only by skeletal gill arches of cartilage, but also by primitive 
partitions attached to these arches, called branchial sepia , on either 
side of winch are located the gill filaments, or gills proper. Thus 
two half sets of gill filaments, dcrnibranchs , one on one septum and 
the other facing it on an adjacent septum, hang within the space 
of each gill slit (Fig. 324, A). 

The most anterior pair of the pharyngeal portholes in elasmo- 
branchs, between the mandibular and the hyoid arches, develops 
into the spiracles , not far posterior to the eyes in position. The 
walls of the spiracles are not provided with true gills, but in some 
cases may support, on one side at least, a “false gill,” or pseudo¬ 
branch, so called because its blood supply is not derived directly 
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like that of true gills from an afferent branchial artery bearing 
“impure/’ blood, blit from the efferent branchial artery of the fol¬ 
lowing gill arch which, having already given up its load of carbon 
dioxide and taken in oxygen, carries “pure” blood. 

In bottom-feeding skates and rays the spiracles open dorsally 
instead of ventrally as the other pharyngeal gill slits do. They are 



Fig. 325.—Embryonic external pills of dogfish. 

(After Sehimkcwitsoh.) 


useful, therefore, in 
taking the water of 
respiration into the 
branchial cavity when 
the mouth is otherwise 
occupied grubbing for 
food in the mud. 

No doubt sharks 




Fig. 326.- A primitive 


and dogfishes, which swim about freely and gracefully in water, 
likewise use the spiracles upon occasion inst ead of the mout h as an 
accessory port of entry for the water of respiration. The primitive 

cow shark, llemnchus,, has seven pairs -—- 

of gill slits, and the frilled shark, " 

Ch I a my dose lac hit s , six pairs, while for WvoX/ — 

most clasmobranehs the typical mini- 

ber, aside from the spiracles, is five f 

pairs. The rub shark, Carcliurias, and Fl(J 326 .. A p rimitive 

the mackerel shark, Lnmtw, are with- shark, (Mamydosehchus, with 

out spiracles. Certain larval elasmo- external for each separate 

i , ... , ‘iii gill slit- (After Schimke- 

branchs which undergo considerable wilsrll ^ 

development witliin the eggshell be¬ 
fore hatching have gill filaments so long that they hang out of the 
gill slits as temporary external gills. These unusual structures may 
serve as absorbing organs in connection with the enormous yolks 
present in these eggs (Fig. 325). 

The holocephalans, or strange elephant fishes, which have much 
in common with clasmobranehs, possess only four pairs of gill slits 
and are further differentiated from them by an operculum. This 
is a flap of the integument developed on either side and extending 
backward from the margin of the hyoid arch, until it covers the 
external openings of the three anterior pairs of gill slits, leaving 
only the last pair open directly to the outside after the elasmo- 
branch fashion. Possibly the forerunner of this opercular flap is 
seen in the elasmobraneh, Chlamydoselachus , where the skin on 
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the anterior margin of each gill slit extends backward as a small 
independent protective fold, covering the opening of each gill slit 
separately (Fig. 326), a feature which gives Chlamydosclachiis the 
common name of “frilled shark.*’ 


5. GANOID AND TKLGOST GILLS 

The gill system of ganoids in some ways represents a connecting 
link between that of elasmobrauchs and teleost fishes. There are 
four pairs of gills present, covered by an operculum that is stiff¬ 
ened by Hal skeletal plates between the two surfaces of folded in¬ 
tegument. Outside and anterior to the operculum on either side, 
there is a degenerate spiracle in some of the ganoids, while on the 
inner surface of the oper- ^ 

culum there is attached a . ^ i | | .. 

small opercular gill which |L ||f i| 11 || 

is not homologous either If If mm 11 

with true gills or with the II || 11 11 

pseudobranchs of the f'l jg | j||j| J|| 

The interbranchial septa a B C D zr 

in ganoids are reduced so Fm. 327. Tin* progressive reduction of pill 
that the demibranchs septa in dill'orcnt lishos. A, clasinohraucli; 

placed upon them back 1,<> \ ; ^ D “ ,ld E - 

J osts. (Alter Boas) 

back on either side ot a 

septum are no longer in separate individual chambers, but occupy 
a common branchial cavity (Fig. 327, (’). The reduction of the 
interbranchial septa becomes complete in teleost fishes, so that 
the gills all lie compacted closely together in a common chamber 
covered by the operculum (Figs. 324, B and 327, F). 

The number of gill arches in both ganoids and teleosts is usually 
four or five pairs, although they may be reduced to three, or even 
two pairs in some of the bony fishes. Spiracles are not character¬ 
istic of teleosts. 

The opercular opening becomes much diminished in such fishes 
as eels, which are thus enabled to retain water in the branchial 
chamber under unfavorable conditions. Probably the immediate 
reason why fishes suffocate when removed from a water environ¬ 
ment is not because the gills dry up at once with a collapse of the 
capillaries in the gill filaments, but because when out of water the 
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gills adhere to each other, leaving the exposable respiratory surface 
reduced beyond the danger point. 

The structure of a typical teleost gill, with its relatively great- 
expanse of respiratory surface within a small compass, and the 

arrangement of its capillaries are indicated in 
Fig. 828. 

In ganoids and teleosts there are additional 
devices, besides the opercular lid, for protecting 
the delicate gills. Along the posterior and ventral 
margins of the operculum beyond the part stiffened 
by the Hat. opercular bones, a bordering fringelike 
,mm* H a P ls sometimes developed, which is supported 
by fanlike skeletal elements, the branvhiostegnl 
Fi<;. - rays, that help in controlling the passage of water 

Structure of a out u f the branchial cavity. 

Cilvlcr)*^ ( ^ ,ir On the inner pharyngeal side of the gill slits 

also there are present in varying degree, a series 
of stiff eomblike projections along the inner margins of the gill 
arches, the (fill rakers. These structures not only shield the gills 
against contact with food that is being swallowed, but they also 
aid in directing it along the straight, and narrow esophageal path 
in which it should go. 



(>. D1PNOAN GILLS 

Of the three genera of living lungfishes that are found respec¬ 
tively in Africa, Australia, and South America, Protoplerus has six 
pairs of gills, Neoeeratodus, live, and Lepidosireu* four. Spiracles 
are present in the embryos of these fishes, although not in the 
adults. In addition to the pharyngeal gills common to this group, 
supplemental external (fill Jilumenls are present in the larval stages 
of Lepidosiren and Protoplerus. 


7. AMPHIBIAN GILLS 

The epidermal gills of amphibians are external in character, 
being attached as capillary detours upon the aortic loops in such 
a way that blood can go either directly around the vascular loops 
or roundabout through the external gills (Fig. 829). This is quite 
different from the arrangement of tlie internal gills of fishes, which 
offers no alternative for the circulating blood except to pass through 
the gills themselves. 
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Unlike the internal endodermal grills, external frills are not sup¬ 
ported by a skeletal framework, and although always present 
during the tadpole stages of amphibians, they persist throughout 
life only in the perennibranohiate caudat.es, as the name indicates. 
Such external gills occur in the larval forms of a few lishes, for 
example, in the dipnoans as already mentioned, in elasmobranchs 
generally, in the ganoids. 

Poly pier us and ('ulamoich- 
thys , and in the teleosts, 

Gvmnarclms and llctrrolis. 

The caudate amphibians 
have been separated into 
three groups according to the 
character of their gills, as 
follows: (1) Prrennibrun - 
eliiala , retaining both gills and 
gill slils throughout life; (2) 

Drrolremala , losing gills and 
all the gill slils except one 
pair; arid (3) Myclodcra, or 
true salamanders, having 
neither gills nor gill slits 
when adult. 

• 

Although pereunibranchi- 
ates preserve throughout life 
their tadpole-like external 
gills with two or three pairs 



Fin. .320. -Ventral view of the exter¬ 
nal gills and head Mood vessels of a newt 
larva, Trilttn These gills ran he dis- 
earded without disastrous interierenee 
with I he eimilalion, since lhe\ are not 
in the onl\ possible path from heart to 
bod>. (From Haller, after Maurer) 


of gill slils, these pharyngeal 
openings are no longer useful for llteir original purpose, since 
the water of respiration does not. pass through the pharynx. 
Instead a fresh supply of dissolved oxygen is brought, into ronLact 
with the gill filaments as the gills wave to and fro in the water, by 
means of muscles attached to the base of each gill. Five pairs of 
gill pouches form embrvonieally in the pharyngeal cavity, but the 
iirst and the fifth no longer break through. 

In derotremes only the gill slit, between the third and the fourth 
gill arches becomes complete, while the external gills vanish during 
larval life. 

The myctodere salamanders, as well as frogs and toads, have no 
gill slits, although embryonic gill pouches and gill clefts develop. 
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The temporary external gills of these forms are sacrificed with the 
development of pulmonary and cutaneous respiration. 

The external gills of frog tadpoles become enclosed during met¬ 
amorphosis by a fold of the skin without skeletal support, while 

the protective peri- 
branchial chamber thus 
formed usually has a 
single opening to the 
outside, more rarely 
two, as in l y ipa and 
A enopus , corresponding 
physiologically to the 
atrial pore in the peri- 
branchial chamber of 
amphioxus (big. 11). 

One of the tropical 
limbless amphibians, 
(herilia, is exceptional, 
having larval external 
gills of peculiar crumpled leaflike structure, with a relatively large 
respiratory surface (Fig. 330). 





Fig. 330.—-External Fafliko pills of a laival 
Caecilia compressicaudata. (After P. A F. 
Sarasin.) 


8 . 


GILL STRVCTVRKS 


IN LAND VERTEBRATES 


The persistence of branchial remains in land forms, that have no 
use for gills even in embryonic life, is striking evidence of the 
common ancestry of all vertebrates. 


Although gills are never present in reptiles, birds, or mammals, 
there are five pairs of gill pouches and gill clefts in reptiles and 
four pairs in birds and mammals, that, with the exception of the 
hyonmndibular pair which become the Eustachian tubes and the 
cavity of the middle ear, do not normally break through as gill slits. 

The further fate of the branchial arches will be considered in 
Chapter XV 11 on the Skeleton. 


IH. Swim Bladder 

A swim bladder is found in most fishes. It is a derivative of the 
anterior end of the digestive tube and, if not primarily respiratory 
in function, is at least found in suspicious intimacy with respiratory 
organs. 
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Fig. 331. 


-Location of the swim bladder. 
(After Hesse.) 



Swim bladder 

P d_ 

esophagus 




Located dorsally in the body cavity just outside of the perito¬ 
neum under the vertebral column (Fig. 3.31), it is ordinarily a single 
elongated structure, although it may be bifurcated or paired, as 
for example in the swellfish, 

Sphaeroid.es , the curious head- 
fish, Mo/a, and the sea robin, 

Prionolus , among teleosts, 
and Polypterus and Cala- 
moichthys among ganoids. 

Great variation in the 
shape, form, and size of the 
swim bladder is connected 
with its hydrostatic function, as well as with variation in the cen¬ 
ter of gravity in dilTeronl shaped fishes. 

Tn amphioxus, cyclostomes, elasmobranehs and a few of the 
higher fishes, particularly bottom-feeders and deep-sea forms, the 
swim bladder is absent. The flatfishes (Pleuronectidae) possess a 

swim bladder only in early life during 
the period when they maintain a verti¬ 
cal position. As they tip over on one 
side in the course of development, and 
assume their lazy adult habit of life, 
'the swim bladder degenerates. 

Fishes in the adult form are classi¬ 
fied into two groups according to the 
character of the swim bladder, namely, 
the puysostomi, having a pneumatic 
dad leading from the swim bladder to 
the alimentary tract; and the piiyso- 
OLisTf, having t he outlet duct closed or 

Fig. 332. —Diagrams of To the first group belong 

swim Madders. A, pickerel; B, the bony ganoids, the dipnoans, and 

carp; C. eel. p.d.. pneumatic the soft-rayed teleosts. Ill the latter 
duct; r.gl., red eland; s.b., * i i i n ii • i 

siviui bladder. The eel sbow^ P™P are 1IlcU,ded a11 the 
the posterior chamber form- fishes. 

mg by the enlargement of the The pickerel, Esox, represents a sim- 

pneumutie duct. (After Tracy.) » . n i . r « i • 

J 7 pie type ot physostomous iisii liaving 

a single sac for a swim bladder, with a pneumatic duct at the 

anterior end opening into the esophagus (Fig. 332, A). In the 

carps (Cyprhndae, Fig. 332\ B), a secondary anterior chamber grows 



esophagus 



esophagus 
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A Pipefish 




forward from the primary chamber which, with its pneumatic 
duct, becomes the posterior chamber . 

In pliysoelistous listies, upon the degeneration of the pneumatic 
duct, the swim bladder becomes a closed sac having two chambers 

separated by a partition through which 
there is a sphincter-like opening, reg¬ 
ulated in size by both circular and 
radiating muscles similar in arrange¬ 
ment to those in the iris of the eye. 
The posterior chamber is formed by an 
enlargement of the pneumatic duct 
that is no longer needed for its original 
function. This is quite apparent in the 
eel, Anguilla , a physostomous fish on 
the verge of becoming pliysoelistous, 
in which the duct is caught in the 
very act of enlargement into a separate 
chamber (Fig. 332, Cl). The formation 
of the posterior chamber by the en- 
Fio. 333.- - Diagrams to largement of the pneumatic duct has 
show the formation of the pos- dearlv indicated bv Tracy in a 

bladder from the pne.n.iaiie serins ol diagrams based upon wax re- 

duct, in ilic pipefish, Siphos - constructions of serial sections, show- 

hum. A, at the time of the rc- j n ^ stages in the development of the 
lease of the larva from the . , , , , . , , t . , 

brood sac; B. stump of pneu- «wnn bladder ui the pipefish, Siphos- 

malic duel growing backward lorna (Fig. 333). The manner in which 

to torm IJ-shapcd tube; C % the anterior chamber is produced by 

form posterior chamber s.b., ,hf> forward growth of the budding 

swim bladder; p.d., pneumatic swim bladder has also been demon- 

duct; ant.cli., anterior chain- s trated by Tracy in the early stages of 
her; post.ch., i km tenor chain- . , r /1? . ‘ , . . 

bcr. (After Tracy) the kjadfish, Opsanus (big. 334), which 

later develops a typical closed swim 

bladder, with the same three histological layers of tissue that 

characterize the alimentary tract from which it was derived, shown 

in section in Figure 334, f. 

An important modification in the epithelial lining of the anterior 
chamber of the swim bladder results in a structure unique among 
animal tissues, the red gland , which produces free oxygen (0 2 ) by 
the reduction of oxyhaemoglobin in the red blood corpuscles when 
brought into close contact with secreting epithelial cells. No other 
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gland is capable of isolating pure molecular oxygen. As Tower 
nas demonstrated, this oxygen constitutes a large part of the gas 
that distends the swim bladder. 

Excess gas produced by the red gland escapes through the pneu¬ 
matic duct in all physostomous fishes. Since the two-chambered 



Fig. 334.— Diagrams of the early stages in the formation of the closed swim 
bladder in the toadlish, Opsanus. I.d., liver duct; ant.c,., anterior chamber; 
p.c., posterior chain her. (After Tracy.) 


swim bladders of physoclistous fishes have the red gland located in 
the anterior chamber, the mechanism for the removal of excess 
gas is of necessity different from that in fishes with a pneumatic 
duct. The posterior chamber is lined with a capillary network, the 
role mirabile , through which excess gas generated in 1 lie red gland 
is absorbed directly into the blood for removal through the gills. 
By enlarging the opening in the partition between the chambers, 
more gas is admitted to the posterior chamber for disposal through 
the blood, while by restricting it, the gas is retained. In this way 
the degree of disten¬ 
tion of the swim blad¬ 
der is automatically 
regulated by the inter¬ 
action of the red gland 
and the rete mirabile. 

A further modifica¬ 
tion of the closed swim 

bladder sometimes ap¬ 
pears, for example in Fig. 335.—Closed swim bladder of squeteague, 

t he squeteague, Cynos- g £ ud (M „. r 
cion (Fig. 335), when 

t he posterior chamber with the rete mirabile becomes flattened 
almost to obliteration by the sphincter-like opening between the 
two chambers, designated as the oval. 

There are various uses for the swim bladder in fishes. Although 
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primarily respiratory, it- lias become in most instances a hydrostatic 
organ , or “float," for the purpose of maintaining a certain level in 
water without muscular effort. When its gaseous content is in¬ 
creased, the fish rises to higher levels, or if diminished, sinks deeper 
in the water. By shifting the volume of gas from one end of the 
swim bladder to the other through muscular compression, changes 
in the center of balance in the body also occur, which enable the 

fish to make a variety of move¬ 
ments easily at the same level. 

In some fishes, particularly 
Siluroids, Cyprinoids, and 
(iymnoti, anterior prolonga- 
tions of the swim bladder are 
present that come into inti¬ 
mate relation with the inner 
ear through a chain of bones 
derived from parts of the first 
three vertebrae, forming the 
so-called Weber's organ . Vari¬ 
ations in the distention of the 
swim bladder are conveyed to 
t he inner ear by means of this 
device, that probably acts as a 
regulatory sense organ either 
after the fashion of a manome¬ 
ter or a barometer. Whether 
Weber's organ aids in any way 
as an organ of hearing is 
doubtful. 

Another use for the swim 
bladder is that of respiration , 
for which reason its descrip¬ 
tion is included in the present 
chapter. This function applies particularly to lungfishes, whose 
swim bladder becomes alveolar inside like the lungs of amphibians 
and the lower reptiles, being usually paired as well as taking on 
all the essential features of simple lungs, it, even derives, after 
the fashion of true lungs, a supply of venous blood from the last 
pair of vascular loops, whereas the typical hydrostatic swim blad¬ 
der receives arterial blood only, and gives off venous blood. The 



squeteague, (lynosc ion . The double 
miisculus sonificus, iii.s., is shown lat¬ 
erally displaced. It., head; l.li., lateral 
horn; c.t., central tendon of rnusrnlus 
soni ficus , which lies tree in the mid- 
dorsal line just above the swim bladder, 
between it. and llie kidneys. Thu dou¬ 
ble rn use ill us soni ficus is inserted later¬ 
ally in the common fascia of the rectus 
abdominis , and by its contraction in 
connection with the distended swim 
bladder gives rise, to the drumming 
sound. (After Tower.) 
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swim bladder of lungfishes, therefore, apparently is a more efficient 
breathing organ than the primitive lungs of the perennibranchiate 
eaudates. 

A third incidental use of the swim bladder is l he production of 
sound. Drum fishes (Sciaenidae), “griniters” (llaemulonidae), and 
a few other forms, such as the sea-robin, Prionolus , and the toadiish, 
Opsanus , are exceptional noise-producers in a modest way among 
Ihe otherwise mostly silent brotherhood of fishes. According to 
Tower, who has carefully investigated the matter, the chief source 
of the drumming noise in drum fishes is the contraction of a ‘'drum- 
ruing muscle," musculus sonificus (Eig. 336), which, being superfi¬ 
cially attached to l he swim bladder, “ produces a vibration of the ab¬ 
dominal walls and organs, and especially of the swim bladder/' D. S. 
Jordan says that the “grunting" of the llaemulonidae is caused 
“by forcing air from part to part of the complex swim bladder." 


TV. Lungs 
1. GENERAL PLAN 

Lungs are the typical breathing organs of the higher vertebrates. 
Physiologically they represent an apparat us interposed between the 
two parts of a double heart .and in which air and blood are brought 
together. Morphologically they consist, of a much elaborated re¬ 
spiratory surface of maximum exposure within a minimum space, 
toget her with a system of lion-collapsible passage-ways for admit¬ 
ting air from the outside, that passes over these respiratory sur¬ 
faces in intimate juxtaposition with capillaries. 

The passage-ways to the lungs begin either with the nasal cham¬ 
ber or oral cavity , leading through the pharynx to the trachea , 
bronchi , and bronchioles , and eventually reaching the innumerable 
terminal alveolar sacs that constitute the true respiratory area 
where the gaseous exchange of respiration is elfected. 

Gills have one place for the intake of air (the mouth) and another 
for the outgo (gill slits), so that the respiratory procession is con¬ 
tinuous. In animals with lungs the same part is employed for the 
entry and departure of air, with the result that inspiration and 
expiration become alternating processes. 

It is estimated that, in man the respiratory alveolar surface en¬ 
meshed in capillaries makes a total expanse of a hundred times 
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the area of the entire skin, or, if inflated into a single sac, one that 
would form a balloon ten feet in diameter, yet this extensive struc¬ 
ture is packed away in a relatively small space, the contour of 
which is determined largely by neighboring organs and general 
form of the body. 

Alveoli in contact with capillaries are lined with thin pavement, 
epithelium, but ihe trachea, bronchi, and in part the bronchioles 
leading to the alveoli, are lined with ciliated cells, the activity 

■ Trachea of which, so long as 
— Body they remain moist, 
tends to keep the air 
passages free from 
dust and other for¬ 
eign intrusions. 

The lungs as a 




Visceral 
pleura 


& 


whole are highly elas¬ 
tic and, although en- 
capsuled in a double 


B , 

/ 

Diaphragm , 

Mediae 1 mum Somali c 1 pleura 

Flo. 887. -The Jungs in tin* llionuir enviiy. .4, pleural sac in the 
air expired l»y raised diaphragm and compressed higher \ Cf'l ebratCS, 
ril,s; 11. air drawn in by lom-ml diaphragm and ^ f , II)ova l>lo 
expanded ribs. 

within the sac, except 

at the point of their attachment near the base of Ihe bronchi 
(Fig. 337). Here they are joined by the trachea, a stalklike tube 
connecting with the outer air, as well as with Ihe pulmonary 
artery and vein which hook up with the heart and the cir¬ 
culatory apparatus. Otherwise the lungs are free and unat¬ 
tached, thus enabling them to glide easily over the inner sur¬ 
face of the thorax with every breath while filling all the available 


spaces. 

The whole apparatus, which somewhat resembles in form a com¬ 
pound sebaceous gland, might be compared to a luxuriant tree, 
entirely hollow 7 in all its parts, that has been pulled up by the roots 
and crowded top first, into a bag. The root region corresponds to 
the nasal chamber, the oral cavity, and the pharynx; the main 
trunk of the tree to the trachea; the larger branches to the bronchi 
that subdivide into lesser branches and twigs, or bronchioles, ter¬ 
minating in the leafy foliage, or alveoli, that are crowded together 
in such a w ay as to occupy all available space within the enveloping 
sac, or pleural envelope. 
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2. AIR PASSAGES 

(a) Nasal Chamber and Pharynx .—The entrance to the pulmo¬ 
nary system is usually through the air-conditioning nasal chamber 
(Fig- 256), although in higher vertebrates the oral cavity may also 
serve in an emergency as an entrance. The surface of the nasal 
chamber, or nasopharynx, is covered with mucous membrane and 
richly supplied with capillaries, thus providing moisture and a 
certain degree of warmth for incoming air. A moistened surface is 



Fic;. 338. Tnichna of swan, embedded in sternum. (M’ler Sohiinkewitsrh.) 

further insured by the fact that the lacrimal ducts from the con¬ 
stantly operating tear (/lands in the bony orbits of the eyes, drain 
into this chamber. 

The walls of the nasal chamber are variously enlarged in different 
vertebrates bv scroll-like (urbinafe bones , which not only increase 
the moist \ ascular surface, but also pre\ ent an easy entrance of un¬ 
desirable objects by making the passage-way tortuous. This latter 
purpose is also furthered by a forest, more or less dense, of outward- 
projecting hairs guarding the entrances, or nostrils, of the nasal 
chambers. This part of the air passages is cleared of undesirable 
accumulations by “blowing the nose." Man is the only mammal 
that performs this feat in any way acceptable to his neighbors. 

(6) Trachea .— From the nasopharynx air passes back through 
the oropharynx to the laryngopharynx, where it crosses the food 
route on the way to the esophagus, thence entering the trachea 
through the opening of the glottis. 
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The trachea, or “windpipe,” is a rigid tube, very short in frogs 
and toads whose lungs are far anterior in the body cavity. It is 
somewhat longer but still insignificant in the caudates. In lizards 
it is relatively shorter than in other reptiles, although unmistakably 
present, while in turtles and crocodiles it is frequently so long that it 
becomes convoluted or even spiral in form. The lengthened trachea 
in the chelonians is an accommodation to the accordion-like move¬ 
ments of the head and neck. 


Birds with long necks are of course provided with a long trachea, 
but frequently the trachea is even longer than the neck itself, so 
that it cannot remain straight but loops about. In swans these 
extra loops are stored within the hollow breastbone (Fig. 1138), 
while in some birds they lie coiled under the skin, or may even 
extend into the body cavity. Extra long tracheae make it possible 
for their possessors to stretch out the neck without pulling the 
lungs out by the roots. 

Usually the w indpipe is nearly cylindrical, but sometimes, as in 
the. little vocal wall lizards, or “geckos." and also certain ducks, it 
may show a bulblike enlargement that acts as a resonance sac 
when air is expelled. 

In mammals the trachea is practically straight, wilii a length 
directly dependent upon that of the neck, except in the three-toed 
sloth, Brady pm , whose trachea is so elongated that it extends down 
as far as the diaphragm and back before entering the lungs. It will 
be remembered that the upside-down sloth, while hanging from the 
limbs of tropical trees and feeding lazily upon leaves without scram¬ 
bling about, has a very stretchable neck. 

At all times the elastic walls of the trachea are kept mechanically 
distended for t he passage of air by encircling rings of cartilage, re¬ 
sembling the metal rings embedded in a garden hose to give it 
flexibility and durability, and at the same time to keep it uncol¬ 
lapsed and open. In the case of mammals these skeletal tracheal 
rings are usually incomplete on the dorsal side, that is, on the side 
liable to press against the esophagus that lies parallel to it, thus 
minimizing the “corduroy road" effect that might otherwise be 
produced by a bolus of food when swallowed. 

Among reptiles, birds, and pinniped mammals, the tracheal rings 
are entire, while cetaceans present the unusual case of tracheal 
rings incomplete on the venlral rather than the dorsal side. 

Camels and giraffes are noteworthy in having upwards of one 
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hundred separate tracheal rings, and whales and sea-cows in having 
these skelet al structures spirally arranged. 

Although usually of hyaline cartilage, tracheal rings become 
bony in the python Agama , and also in many birds. 

(c) Bronchi .—The trachea usually branches into two bronchi, 
that resemble it in structure with the exception of being smaller in 
size and in having weaker skeletal rings. 

There are three bronchi in certain ruminants, pigs, and whales, 
but in most snakes, with the degeneration of one lung as an ac¬ 
commodation to the extraordinarily elongated shape of the body, 
there remains only one bronchus. 

(rf) Bronchioles. —bronchioles, which continue and multiply the 
air passages from the bronchi, have neither cartilage supports in 

their walls nor mucous cells in their endothelium 

linings. The terminal bronchioles _ _f* <^PJllary 

are also wit hout cilia, and serve sim- 3 ' ,Uar 

ply as ducts leading the way into . %r 

the ultimate air chambers, or alveoli, ,' 

m winch respiration occurs. epithelium 

In mammals generally the broil- . * IC! - Diagriim of parli- 

» . lions brlwwn blood and air in an 

clnoles arise like the twigs ot a tree a i voo | llK 
and diverge from each other, but in 

crocodiles and birds they run together, forming intercommunicat¬ 
ing loops instead of terminal lwigs, from the sides of which alveoli 
are given oil*. 

(e) \lreoli~~ The alveolar sacs, or the respiratory part of the 
whole system of air passage-ways, are hemispherical enlargements 
at the ends of the bronchioles. They have exceedingly thin delicate 
highly elastic walls over the outside of which, like vines over a 
trellis, extends a closely woven maze of capillaries (Fig. 339). It 
is estimated that in a pair of human lungs there may bo more than 
six million of these tiny chambers, all in ultimate communication 
with the outside atmosphere through the air-passages which unite 
in the trachea. 


The amount of air admitted to the alveoli is automatically regu¬ 
lated by means of nerve endings, the headquarters of which are 
located in the medulla of the brain. These nerve endings are in¬ 
serted into tiny cuffs of circular muscle fibers that encircle the 
walls of the innumerable bronchioles, causing them to constrict or 
relax, as occasion demands. 
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3. PHYTOGENY 


The phytogeny of the lungs is a story of internal modification 
for the increase and efficiency of the respiratory surface, and also 
for adaptation to the shape of the body. The storing of lungs, for 
example, within the body of a squat toad, a lithe cat, a capacious 
cow, a box turtle, or an elongated snake, presents in each instance 
a different problem. 

(a) Dipnoans .—A transition between the swim bladder and true 
lungs is found in the dipnoans. During the aestivation of these 

s0 c, lungfishes the gills are not used for respiratory 
purposes, but instead the pulmonary arteries 
bring venous or “impure” blood to the swim 
bladder, which then functions as a lung, al¬ 
though both trachea and bronchi are wanting. 

In Neoccralodus , the lung or swim bladder is 
a single wide sac, resembling the swim bladder 
of physostoinous fishes, but in Prolopterus and 
Lepidosiren , the sac is double, its inner surface 
being increased somewhat by its coarse spongy 
alveolar structure. 

(b) Amphibians. - Amphibians in general 
carry on the pulmonary plan of the dipnoans, 

Fir 340 _The a ^l ,ou nh the primitive lungs of perennibranchi- 

blood -vessels of the ate caudates are less elaborated than those of 
hmg of Necfurns . Die lungfishes. The lungs of Neel urns (Fig. 340), 
(Aft.ir Millt r.) f 01 * instance, are two long simple, sacs, enmeshed 

on the outside by arterial and venous capillaries and opening 
directly through a slitlike glottis without the intervention of 
either trachea or bronchi, or by having the inner surface increased 
by folds. The whole apparatus resembles a pair of enlarged 
elongated alveolar sacs. 

Amphiunia goes a step further, in that the proximal half of each 
lung has the inside surface considerably increased by the elab¬ 
oration of folds. 

Owing to the form of their bodies, frogs and toads have more 
spherical lungs than salamanders. The folds within the frog’s 
lungs extend from the inner walls in such a way as to divide the 
entire cavity into marginal stall-like spaces or compartments, all 
opening freely into a common central cavity. The double walls of 
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the “stalls,” formed by the invagination of the outside wall, each 
carry a capillary network which increases the available blood sup¬ 
ply over 1 he surface of the lungs (Fig. 311). In toads the stalls 
become partially shut olT from the central cavity of the lung by 
right angle additions along the inner margin of the partition walls, 
so that a secondary internal wall is formed that is perforated on all 



Fie. 311.-- Diagrams to sliov\ the e\ olut ion of lung struct lire. The plan of a 
lizard’s lung may be regarded as like a cluster of loads’ lungs, and in turn the 
ulliguLi r’s lung, as composed of se\eral lizards’ lungs. The air sacs of the bird 
extend beyond the lung itself but an' in eoiumunieatiou with if. 


sides with openings between the central cavity and the air cham¬ 
bers, or stalls, which resemble semi-private luncheon niches around 
the margin of a common dining room. 

The very primitive tracheal and bronchial tubes of amphibians 
enter the lungs at the extreme anterior end. With an increased de¬ 
velopment of the anterior pari of the lungs, the bronchi acquire a 
more lateral entrance in higher forms. 

As a result of a migratory invasion into the body cavity, the lungs 
of amphibians become invested on the outside by a single layer of 
peritoneum, which is pushed ahead of them into the body cavity 
during development,. They do not, therefore, have a separate 
pleural cavity of their own, but instead lie freely in a common body 
cavity. 

Usually the left lung in amphibians is larger than the right one, 
but in tropical legless forms (Apoda) the reverse is true, as the 
left lung is rudimentary. Some salamanders, for example Eurycea 
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and Salnmandrina , are lungless, respiration being accomplished 
through cutaneous blood vessels. 

(c) Reptiles. -Integumenta! breathing is eliminated in reptiles, 
whose lungs, also abdominal in position, are much sacculated 
within, the trachea and bronchi being developed into delinite struc¬ 
tures. The air-transferring passage-ways and the air-absorbing 

mechanism of the lungs are distinctly differentiated 
in reptiles. 

The primitive New Zealand lizard, Sphenodon, 
has spongy lungs that might be compared to a 
duster of lungs like those of a toad, opening into 
a common passage, or atrium (Fig. Til), while the 
lungs of crocodiles go a step further in elaboration, 
corresponding to a bouquet of Sphenodon lungs 
placed toget her, the atria of which now open into a 
common bronchus (Fig. 311). 

In snakes the left, lung usually becomes aborted, 
only the right lung remaining to occupy the narrow 
quarters that are available. Boa-constrictors and 
pythons are the most ancestral in this respect, 
having both lungs present with the left one some¬ 
what shorter than the right. 

The different levels of the long single lung of the 
snake are unequally elaborated, recapitulating from 

Inn sof (hnine 1° ^ 1( ' entrance at the glottis the early 

Icon, showing phylogeny of vertebrate lungs. Thus, the distal tip 

supplementary is a smooth sac like the lung of Necturus , but ad- 

mr sues. (Alter vanc * m ,r toward the proximal or anterior end there 
llilzheiiner.) . . . . ,, . . _ . . 

develops a gradual evolution ol internal lolds, at 

first resembling the lungs of Amphintna , and later the chambered 

structure of the lungs of frogs and toads. Finally, at the base, 

these chambers become compounded and open into an atrium, 

suggesting the degree of complexity arrived at in the lung of 

Sphenodon. 

Certain lizards, particularly Chameleon (Fig. 312), have peculiar 
lungs with saclike diverticula, which enable 1 them to swell up to a 
certain extent, a device used perhaps to frighten their enemies. 
The inflated lungs of sea-turtles, on the other hand, probably serve 
as floats, or life-preservers, in maintaining a position at the surface 
of the water. 
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( d ) Birds .—The lungs of all modern birds are highly modified by 
the presence of supplementary air sacs, celhilae aereae , which facili¬ 
tate the circulation of air t hrough the lungs, but- in themselves are 
not directly respiratory in function, as shown by the paucity of 
capillaries over their surfaces. 

The bronchioles, instead of ending blindly in alveolar sacs, form 
a system of communicating loops, with alveoli budding off from 
the sides, and opening eventually into the reservoir-like air sacs 
(Fig. Ml). It is possible, therefore, for the air to be drawn back 
and forth entirely through the alveolar region of the lungs, with 
gaseous exchange taking place both on the way through the lungs 
to the air sacs as well as on t he return. The air in the lungs of other 
animals is never entirely renewed with each respiration, as in birds, 
since some of it regularly remains stagnated in the alveolar ter¬ 
minals. 

Embryonically air sacs sprout out from the lungs at various 
points and extend into the body cavity, occupying spaces between 
the viscera; beneath the skin (in pelicans); between the muscles, 
supporting and connective tissues; between and around the joints 
of the cervical vertebrae*; and penetrating even into the pneumatic 
cavities of the hollow bones (Fig. M3). 

The primitive Apteryx of New Zealand alone has much reduced 
air sacs that do not enter the bones or penetrate the transverse 
septum to invade the body cavity. 

Although the alveolar sacs of the bird's lung are not supplied to 
any great extent with a capillary network, and consequently are not 
directly respiratory in function, yet they have several different uses, 
acting as bellows, balloons, ballast, friction pads, heat-retainers, 
reservoirs, and resonance aids to the voice. 

On account of the elasticity of the bird’s lung, which is hampered 
by being anchored fast to the dorsal wall of the thoracic basket, 
some mechanical aid for effecting an efficient circulation of air 
through the lungs becomes all the more necessary. Such a mecha¬ 
nism is supplied by air sacs acting as follows, enabling the air to be 
forced back and forth entirely through the lungs proper. In the 
capacity of balloons , the air sacs when inflated cause the specific 
gravity of the bird to be materially lessened owing to the intake 
and retention of heated air. Without this storage of warmed air 
it would require considerably more muscular effort to sustain a 
body heavier than air in suspension for considerable periods of 
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time. Possibly inflated air sacs may also by their turgor aid me¬ 
chanically in maintaining the wings in an extended position during 
soaring or volplaning. 

As ballast the arrangement of the air sacs is such that a proper 
center of gravit y may be established for balanced flight, and equi- 



Fig. 343.—The injected air sacs of a pigeon, represented in black, showing 
how completely they occupy all available; spaces. The lungs arc shown by 
horizontal lines behind the ribs. (After Miller.) 

librium easily maintained by shifting the air content of the sacs 
from one part of the body to another. 

The insertion of air sacs like pads between the muscles lessens 
friction , thereby giving flexibility and grace to the aerial move¬ 
ments of birds. When filled with warm moist air the air sacs help 
to maintain and regulate the body temperature , for the skin of birds 
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in the absence of evaporating sweat is of little service for this 
purpose. 

As containers of reserve air , the air sacs are undoubtedly useful. 
The muscular mechanism by which a resting bird causes air to 
enter the lungs, like that of mammals, involves the alternate eleva¬ 
tion and depression of the breastbone through the activity of the 
intercostal muscles. It is necessary, however, during (light for the 
breastbone and the entire thoracic basket to remain firm, in order 
to insure substantial anchorage of the powerful (lying muscles. To 
do this the intercostal respiratory muscles are held in tension and 
are for the time being not pumping fresh air into the lungs. There¬ 
fore, an internal reservoir of air is indispensable, while the (lying 
muscles which ventilate the lungs by acting upon air sacs as bel¬ 
lows also control respiratory movements during flight. The more 
rapid the (light, the greater the automatic supply of air drawn 
through the lungs to and from the pneumatic chambers by the 
(light muscles. Violent action in mammals interferes with respira¬ 
tion, but with birds it enhances it. This is why fast (lying birds do 
not “get out of breath,” or probably stiller from “mountain sick¬ 
ness" in the air of high altitudes because the necessary increased 
wing-strokes bring in a compensatory supply of rarified air. The 
frigate bird, Fregala, that easily maintains a rate of one hundred 
miles an hour, has about the best development of air sacs to be 
found in any bird. 

The pneumatic diverticula of the lungs of Chameleon , already 
mentioned (Fig- 342), and those of certain other lizards may per¬ 
haps be regarded as prophetic of the air sacs of birds. 

(e) Mammals .—The lungs of mammals are usually characterized 
in two ways: first, by being subdivided externally into two lobes; 
and secondly, by showing some degree of asymmetry in accom¬ 
modation to surrounding organs. When asymmetrical the lobes 
are more numerous on the right than on the left side. Thus, in 
man (Fig. 314), there are three lobes in the right lung and two in 
the left. The uppermost odd lobe of the right lung lies behind the 
right pulmonary artery, while the absence of a corresponding lobe 
on the left side permits the presence of the large left aortic arch. 

Certain mammals, as for example Cetacea, Sirenia, Proboscidea, 
Hyracoidea, and most perissodactyl Llngulata, resemble other ver¬ 
tebrates in the absence of pulmonary lobes, while Monotremata 
are transitional, since they possess lobes only in the right lung. 
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The relative size of the right human lung as compared with the 
left, is about eleven to ten, for, although the right lung is slightly 
shorter, it is somewhat larger in area. 

The lungs of whales, which are located rather posteriorly in the 
hulls of these sea-going leviathans, are probably hydrostatic as 
well as respiratory in function. Whales have a unique breathing 
apparatus that enables them, during a plunge into the ocean depths, 
to imprison air in the capacious nasal chamber which is several 
times larger than the brain case. In fact the nasal chamber occupies 

the major part of a whale’s 
head and is capable of stor¬ 
ing a generous supply of air 
that would otherwise be 
forced out of the lungs by 
the enormous pressure of the 
water. The apertures lead¬ 
ing from the nasal passages 
to the lungs can be shut 
off by two plugs of tissue 
which function like the stop¬ 
per in a bathtub. As the air 
in the lungs becomes stale 
the plugs open long enough 
to exchange the stale air with pure air in the nasal reservoir, and 
when the whale finally comes to the surface the reservoir is emp¬ 
tied with considerable violence accompanied by confined water 
vapor, causing the excited whalers who witness the performance 
to shout, “Thar she blows P 



Fig. 344.— I^ohes of human limp. Out¬ 
line of the outer, or costal, surface. (After 
Cunningham.) 


4. PLEURAL ENVELOPES 

The lungs of higher vertebrates are enclosed in compartments 
called pleural cavities , separated from the body cavity which is the 
general storehouse of the internal organs. 

The establishment in mammals of exclusive chambers for the 
lungs has been a gradual evolutionary process. The primitive lungs 
of amphibians push down into the general body cavity, carrying 
with them a thin covering of serosa continuous with the peritoneum 
that lines this common cavity but without the formation of inde¬ 
pendent pleural chambers. 

In reptiles, along with the formation of a transverse septum 
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formed by the invasion of peritoneal folds and the assurance of 
privacy for the heart by the partitioning off of a pericardial cham¬ 
ber, there is formed around the lungs a second envelope, also de¬ 
rived from the peritoneal serosa, that constitutes the outer, or 
par idol, wall of the pleural cavity (Fig. 337). The inner, or visceral , 
wall is the original derivative of the peritoneum already mentioned, 
and this intimately invests the lungs like a tight-fitting garment. 

The space between the parietal and visceral walls, that is, the 
pleural rarity , is filled with a serous lubricating fluid which allows 
freedom of movement on the part of the extensible lungs within 
the pleural space. 


5. ORIGIN OF THE LONGS 

The lungs, like the swim bladder, probably come from rudi¬ 
mentary gill pouches. While the swim bladder is a dorsal out¬ 
growth from the floor of the foregut, the first evidence of lungs in 



Fks .‘M.V- -Early stages in the development of lungs, trachea, and bronchi 
of human embryos. A, ! mm. embryo; H, 5 mm. embryo; G, 7 mm. embryo; 
D, 9 mm. embryo. (From Arey. A, R, (\ after Prentiss; D, after Merkel.) 


man, which may be seen about the third week of fetal life, is a 
ventral groove likewise on I lie floor of the same region from which 
the swim bladder sprouts out dorsully. As this groove pushes 
deeper down, it forms a single bud that soon becomes a bilobed 
sac representing the future lungs (Fig. 315). Soon after, a common 
stem or duct is formed by a further outgrowth of the lung sacs. 
This is the trachea, w hose appearance is follow ed by the branching 
bronchi, and last of all by the elaboration of subdivisions within 
the lung sacs and the establishment of the alveoli. 

During the differentiation of the lung sacs the endodermal lining 
invades the surrounding mesoderm, as shown by Moser in a series 
of illuminating diagrams (Fig. 346), with the end result that a 
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maximum surface of respiratory endodermal tissue is brought into 
intimate contact, back to back, with vascular mesodermal tissue 
carrying blood-filled capillaries. 

Human lungs assume definite shape before the end of the third 
month, although they do not lake on their respiratory function 


as long as the embryonic placenta 



c 


Fig. 316. —Dingram of I he formation 
of the; lungs in turtles. A , inlnipulmo- 
nary bronchus, with scvciul primary ah 
\<*olar chambers invading I he surround¬ 
ing mesoderm; /t intermediate stage; C. 
the. adult c ondition. 'The ehainbers have 


is active and are not entirely 
inflated for three or four days 
after birth. The alveoli are laid 
down by the seventh month 
and thereafter merely undergo 
enlargement. 

V. Devices for Securing 

Air 

The process of breathing 
demands more than a mecha¬ 
nism that simply allows blood 
and air to get together within 
osmotic distance of each other, 
since there must, also be pres- 


hccomr. subdivided into alveoli by in¬ 
growth of their wulls. Mesoderm re¬ 
duced I.o partit ions between the cham¬ 
bers. (After Moser.) 


enl means for securing a con¬ 
tinuous circulation of fresh air 
across the respirat ory surfaces. 


1. FISHER 

In the ease of submerged fishes, water charged with air entering 
either the mouth or I he spiracles and passing out through the gill 
slits is forwarded and directed in its course, not only by muscular 
movements w hich alternately expand and contract the w r alls of the 
orobrancliial chamber, but also by a system of valves that prevents 
the water from going the wrong way. 

The anterior set of these valves are collapsible folds along the 
inner edge of the mouth opening, those of the upper edge being 
called waxillary , and of the lower, mandibular. They reach their 
greatest differentiation in teleost fishes which have a well-developed 
opercular apparatus. The posterior, or branchiostegal, set of valves 
are membranes along the free margins of the opercular flaps (Fig. 
347). A freely moving current of water is produced in the following 
way. First, the mouth remains open as a narrow slit, while the 
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anterior maxillary and mandibular valves lie flat, or open, and 
the posterior branchiostegal valves close. Next the walls of the 
orobranchial chamber spread apart by muscular action, thus pull¬ 
ing water into the mouth to occupy the increased space. Then the 
valves reverse, that is the anterior ones close the slitlike mouth 
aperture and the posterior ones open the opercular slit, while the 


C 


Fig. 347.—Diagram of mechanism for causing a respiratory current of water 
to pass over the gills in bony fishes. A, inspiration; B, expiration; C, anterior 
view of mouth; 1, gills; 2, esophagus; 3, labial valves; 4, branchiostegal valves; 
mil, mandible; mx, maxilla. (A and B after Dahlgren; C, after Kingsley.) 

walls of the orobranchial cavil y squeeze together, forcing the water 
backward over 1 lie gills and out of the opercular openings. 

In some teleosts, particularly those that feed on microscopic 
plankton, the branchiostegal valves play the major role in this 
process, but in others, for example the Percidae and the Sciaeridae, 
the opercular flaps take the most prominent part. 

2. AMPHIBIANS 

Amphibians never breathe through the open mouth but instead 
inspire air through the nostrils and the choanae , as the newly- 
established passage-ways into the mouth cavity are called. They 
are not even able to exercise emergency breathing through the 
mouth, as mammals do, for as long as the mouth remains open 
there is no way to compel the air to enter the lungs. 

Neclurus and other perennibranchiate caudates sometimes come 
to the surface of the water and gulp air through the mouth, which 
may soon be seen escaping in the form of bubbles through the gill 
slits, although it is doubtful whether much of it reaches the lungs. 
This occasional air-gulping behavior does not furnish fresh air for 
the external gills that hang outside the gill slits, since by means of 
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muscles that cause them to wave back and forth these obtain their 
supply of oxygen dissolved in the water. 

The intake of air in the frog, which may be taken as a represent¬ 
ative of the Salientia, is accomplished by a combination of pumplike 
throat muscles and nostril valves (Fig. 318). It, will be seen that 

close< j when the nostril valves open 

/ i in the manner of lids and the 


^ ^ hi the manner of lids and the 

^ throat muscles draw down, 
^ the oia * cavil v within is en- 

\ I larged and air is necessarily 

* , .. inhaled. With the closure of 

rio. 348.- Breathing cnamsrn ol . . . 

j ro ^ r the nostril valves and the con¬ 

traction of the throat muscles, 
the lungs automatically become filled by the mouthful of air that 
is forced backward. The expiration of air alternates with inhala¬ 
tion and is accomplished by means of the contraction of body 
muscles. 



REPTILES 


The problem of getting air into the lungs of reptiles is much like 
that in the case of amphibians, although some improvement is seen 


since ribs and rib muscles furnish 
a mechanical means for admitting 
air that is not present in the 
practically ribless amphibians. 
This improvement, however, is 
ineffective in turtles, whose ribs 
form a boxlike armor of uncom¬ 
promising rigidity. These ani¬ 
mals still resort to the amphibian 
method of utilizing throat mus¬ 
cles and nostril valves, swallow¬ 
ing the air by “working the 
throat.” INo doubt the in-and- 
out movements of the turtle's 
head and neck aid in pumping air 
into the lungs while the pectoral 
muscles, which are inside of the 



Fig. 349.—Diagram to show the 
choana (dolled) in an alligator. It 
leads to the traehea behind a flap- 
like velum in the back part of the 
mouth cavity, which enables the 
animal to breathe under water and 
at the same time to drown its prey 
field between Ihe jaws, so long as the 
external nostrils are above, the w , ater 
line. 


ribs in these bizarre reptiles instead of outside as in other verte¬ 


brates, are aided by the abdominal muscles in bringing about the 
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expulsion of air from the lungs. The usefulness of rib muscles in 
pumping air in and out of the lungs is very apparent in the panting 
snakes, lizards, and alligators. 

The latter have an exceptionally elongated nasal passage-way 
with a curtain, or velum , that closes olf the inner choanal openings 
from the mouth cavity. This device makes it possible for the 
alligator to breathe with the mouth open under water while holding 
the drowning prey between the cavernous jaws, only the tip of the 
snout w ith the openings of the external nares being above the water 
line (Fig. 349). 

4. BIRDS 

So long as a bird is not in flight it breathes by means of its rib 
muscles after the typical reptilian manner. When a bird flies, how¬ 
ever, as already explained, the powerful pectoral muscles on which 
flight depends, require and secure anchorage upon a rigid thoracic 
basket that does not change shape with ('.very breath. The bellows¬ 
like air sacs, which are filled and emptied by the action of the flying 
muscles rather than the rib muscles, furnish an effective means for 
irrigating the lungs of a flying bird with air, while the inactive rib 
muscles remain temporarily fixed and rigid. 

5. MAMMALS 
♦ 

Tn mammals both nasal and oral breathing are made possible 
by the backward migration of the glottis to a position in (lie pos¬ 
terior region in the throat. Nasal breathing, however, with the 
greater facilities thus provided for warming and moistening the 
inhaled air, and the added advantage of testing its quality by 
means of its passage over the sensitive olfactory surfaces in the 
nasal chamber, is the better and more favored method among 
mammals generally. 

The outstanding advance in the breathing mechanism of mam¬ 
mals is furnished by the muscular diaphragm, which in lower verte¬ 
brates is foreshadowed by the transverse septum that separates 
pleural and pericardial chambers from the body cavity. The dia¬ 
phragm consists of a central tendinous component, from which 
extend radiating muscle fibers derived in part from the muscles 
of the body wall, the i runs versus abdominis and the rectus abdominis . 
The diaphragm when relaxed is shaped somewhat like an arched 
vault (Fig. 350), and is perforated by the dorsal aorta, esophagus, 
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azygos vein, thoracic duct, vena cava, and vagus nerve. As its 
radiating fibers shorten by contraction, the vault of the cuplike 
diaphragm lowers or flattens, thus tending to increase the space 
within the thoracic cavity and, through atmospheric pressure from 
without, forcing air into the lungs. At the same time the viscera 

within the body cavity are crowded down so 
that the abdominal wall bulges out. The muscu¬ 
lar opponents of the diaphragm are the strong 
walls of the abdomen. 

In addition to abdominal diapluagmic breath¬ 
ing, mammals also utilize the reptilian method 
of rib muscles to enlarge the thoracic cavity 
when inspiring air. The ribs are bent, like 
jointed levers at an oblique angle to the verte- 

v bral column, and if acted upon bv the inter¬ 

domina! contour of costal muscles the movable sternum, to which 
man in respiration. |hey are attached ventrallv, moves farther 
Solid line, ai. end of awav f roin [| 1C relatively stationary backbone, 

line, at end of in- thus enlarging I lie thoracic cavity in which the 
spiral ion. (After lungs are located. So it conics about that in- 
M oilier.) spiration is eifected not only by the depression 

of the diaphragm but also by the elevation of the ribs, both efforts 
calling for muscular activity. 

Expiration, on the other hand, is to a large extent automatic 
through the elasticity of the stretched body walls, the taut car¬ 
tilaginous ends of the bent ribs, and the tensity of the expanded 
lung tissues. 

In big heavy animals, abdominal or diaphragmie breathing pre¬ 
dominates over rib breathing. Jumping animals, like kangaroos 
and monkeys, utilize rib muscles rather more than the diaphragm 
in respiration. 

Breat hing by means of the ribs is also more pronounced in human 
females than in males in whom abdominal breathing predominates. 
The reason for the sexual difference in the respiratory mechanism 
may be an evolutionary adaptation brought about in connection 
with pregnancy, during which period the presence of a growing 
fetus interferes somewhat with freedom of movement of the dia¬ 
phragm. 

The amount of air required daily by a human being varies within 
wide limits but may average over 10,000 liters, including over 2,000 
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liters of oxygen. The lungs of an adult may have an average ca¬ 
pacity of 5700 cu. cm. of w hich some 500 cu. cm., called tidal air , is 
renewed with every breath. Of the remainder, about one-half is 
complenienlal air that can be inspired on occasion by deep breath¬ 
ing at the end of a normal inspiration of tidal air. The other half 
is supplemental air , or the amount which can theoretically be 
forcibly expired after a normal expiration. After the deepest pos¬ 
sible expiration there is still some air left in the lungs and this is 
called residual air. 


VI. Voice App \ratus 

The emotions of animals are frequently expressed in various 
ways by characteristic movements and noises. Male rabbits sound 
an alarm by pounding the ground with their hind feet, while bucks 
and bulls send forth a resounding challenge by stamping with 
their front hoofs. Rattlesnakes shake their caudal castanets and 
many stridulating insects express themselves audibly by rubbing 
hard parts together. 

Among vertebrates that produce a distinctive noise, the voice 
apparatus is generally a wind instrument, and consequently a 
direct part of the respiratory system. 

The majority of vertebrates are dumb. Fishes, which outnumber 
all other vertebrates in species as well as individuals, have only a 
few representatives, such as drurnlishes and “grinders,” that break 
the piscine vow of silence. 

Amphibians, excluding the musical frogs and loads, are practi¬ 
cally voiceless, and reptiles also, if a few unusual cases such as 
hissing snakes, gutteral geckos, and bellowing bull alligators are 
omitted, are prevailingly silent. 

When King Solomon ecstatically sang in a springtime of long 
ago, “The flowers appear on the earth; the time of the singing of 
birds is come and the voice of the turtle is heard in our land,” he 
did not refer to the silent reptile of that name, which is quite un¬ 
able to celebrate the changing seasons vocally, hut to the plaintive 
notes of the turtle dove. 

Some moralist has pointed out the fact, that probably the first 
vocal words spoken on this earth were the words of the croaking 
frogs, which sound like “ work , work, work." It should be noted in 
passing that the sedentary frogs, like many other arm-chair givers 
of advice, pay no heed to their own exhortations. 
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Birds as a rule are notably vociferous but there are numerous 
species, such as the stalking ostriches and stately storks, that pre¬ 
serve a dignified silence, while it is a curious fact that among mam¬ 
mals gigantic whales have relatively less voice than tiny squeaking 
mice. 

The words in common use to describe sounds produced by- 
mammals indicate a wide variety of distinctive “voices/’ with 
corresponding diversity in the wind instruments involved. For 
example, the horse “whinnies”; the cow “moos”; the donkey- 
brays”; the pig “squeals”; the sheep “bleats”; the elephant 
trumpets”; the porcupine “grunts”; the lion “roars”: the cat 
purrs”; the wolf “howls”; the dog “barks”; the rat “squeaks”; 
the lemur “wails”; the monkey “chatters”; and some human 
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beings “sing.” 

Since most voices are dependent upon the expulsion of air from 
the lungs, the vocal apparatus, or larynx , is advantageously located 
around the glottis, that is, the slitlike entrance to the trachea. Dif¬ 
ferent sounds are produced by modifying tlie shape of the aperture 
and the contour of the cavity through which expelled air escapes. 
The cartilages, membranes, walls, and muscles of the larynx con¬ 
stitute a mechanism for effecting this result. 

The mouth cavity in man, as well as the pliable cheeks and flex¬ 
ible tongue, aid greatly in altering the character of the chamber 
through which the column of air from the lungs is forced, thus 
changing the sounds produced. "Phis can be easily demonstrated 
by pronouncing the vowels, /l, hJ , 1 , 0, l , in succession and men¬ 
tally noting the changes that meanwhile result in the position of 
the lips, tongue, and cheeks, and the consequent alteration in the 
contour of the mouth cavity while executing these distinctive 
sounds. 

In this connection it is a suggestive fact, that the evolution of 
voice has a close dependence upon emergence from water to life in 
air. It is obvious that the traditional episode of the Tower of Babel 
could only have been staged very late in the evolutionary story, 
after the human larynx had come into its own. 


1. AMPHIBIANS 

There is no true larvnx in fishes, but in voiceless salamanders 
the larynx consists of two tiny triangular guardian cartilages, tat - 
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- lat. 
-arcj. 


>fr.C. 


F ig. 351—Laryn¬ 
geal cartilages of eau- 


eral cartilages (Fig. 351), embedded one on either side of the glottis. 
In some cases when there is enough trachea to permit, as for ex¬ 
ample in Siren , there are additional fragmentary cartilaginous 
rings below the laterals. These prophetic car- f\ f} 
tilages of caudates become developed into elon- /M 
gated laryngeal cartilages in the musical frogs, ^ [j yUr ,ai ‘ 
toads, and hylas. The “ brek-ek-ek-kex, ko-nx , 

0 <X 

ko-ax” of Aristophanes’ famous frogs, imitated S J\ fr . 

■ 0/i / ' 

in one of the modern college yells, is a charac- • y 

teristic bit of virile vocalization familiar to 

everyone whose experiences include a frogpond §3 

in springtime. The mechanism by which these 

haunting nocturnes are produced consists of a * ir ” 3'd. “Laryn- 
P . goal cartilages of cau- 

pair ot arylaenoid, cartilages , and in addition, dates. A, Nrclums; 

of a new cartilage, the cricoid, which is an Siren, ary., ary- 

elaboration of the first tracheal ring or rings lal * ,al ^ ni1 

cartilages; g., glot- 

(Fig. 352). Dilator and adductor muscles t j s . tracheal 
operate these skeletal elements. cartilages. (After 

Two folds on the inner walls of the laryngo- ^ ledershehn.) 

tracheal chamber, the vocal cords , lie parallel with the slitlike 
glottis. The Salienlia, especially the males of the species, have 

besides, internal vocal sacs in the throat region 

f law'd which jare apparent externally when inflated. 

glottis These serve as chambers of resonance for in¬ 
creasing the carrying 
quality of their vocali- 

encox) nations. A single median ) 

vocal sac is common to m J 

all hylas (Fig. 353), as 

Fio. 3 S 2 Vo.ce ^ ^ ^ 353 -7l.vfa, show- 

apparatus 01 a Irog. * mg nmatoci resonance sac. 

(After Wicdersheim.) while two lateral sacs (After Houleng(T.) 

show at the shoulders 

of frogs, being especially pronounced in the male bullfrog, liana 
catesbiana, when its twanging “ jug-o -nun” note is being broad- 




glottis 


-cricoid 


cast. 

As a matter of* fact the lungs of frogs and toads are largely organs 
for producing sound after the manner of bagpipes, the respiratory 
function being taken over mostly by the skin, as shown by the 
fact that the cutaneous arteries exceed the pulmonary arteries in 
size. 
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2. REPTII.ES AND BIRDS 


Reptiles and birds have less larynx and more trachea than 
Salientia. Compensating this deficiency, birds have evolved an 
additional secondary larynx, called the syrinx , which is located at 
the lower end of the trachea at its junction with the bronchi, in¬ 
stead of near the glottis (Fig. 351*). The position of this unique voice- 
box is in line with the extreme structural modifications of birds 


whereby all possible weight is central¬ 
ized for purposes of equilibrium in 
flight. 

There are no vocal cords in the re¬ 
duced larynx of birds. Instead, the 
pesstilus, a vibratory structure covered 


A £ C 15 



mallard; B, goosander; Cl, velvet scoter; 
D, eider duck. (After Pyeeraft.) 



Fig. .‘155.-- Longitudinal sec¬ 
tion through the s>rin\ of a 
thrush. a, “drum” formed 
from the last cartilaginous 
rings of the trachea; in, mus¬ 
cles; e, external elastic, mem¬ 
brane forming the oilier wall 
of the bronchi; i, internal 
elastic membrane'; p, pes- 
siilus. (After Ilaccker.) 


by the membrana semilunaris (Fig. 355), is located in the syrinx. 
This acts somewhat like the reed in an organ pipe or a clarinet, to 
produce vibrations as the air is expelled past it. The cartilages 
of the syrinx, which are modifications of the tracheal and bron¬ 
chial rings, are combined with intercartilages, membranous walls, 
and a variety of muscles, into an efficient vocal mechanism. By 
means of this apparatus the bird is enabled to change the shape 
of the tracheo-bronohial chamber in which the pessulus vibrates, 
thus producing a variety of different sounds. 


3. MAMMALS 

The cartilages of the mammalian larynx include, in addition to 
a pair of triangular arytaenoids around the glottis, and a bandlike 
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cricoid just below, a relatively large quadrilateral shieldshaped 
ventral thyroid cartilage , that in man forms the movable prom¬ 
inence in the neck known in academic circles as the porntim Adami, 
and elsewhere as “Adam's apple.” 

The thyroid cartilage is originally paired, as shown by the fact 
that in monotremes it is made up of two separate lateral plates 
instead of a single piece, and in 
all mammals it is derived em- 
bryonically from the remains 
of paired branchial arches. 

Still another structure de¬ 
veloped in mammals is a car¬ 
tilaginous lid above the glottis, 
called the epiglottis. This aids 
in closing oil* the tracheal tube 
from food t hat is passing dow n 
to t he esophagus, a process ac¬ 
complished not so much by 
the closing down of the epi¬ 
glottis as by the elevation of 
the tracheal tube to fit against 
the overhanging lid. That the 
larynx is temporarily elevated 
during the act of swallowing is 
easily demonstrated by placing 
the thumb and linger lightly against the Adam's apple, at the same 
time imitating the transit of food by swallowing. 

Furthermore, in mammals the horseshoe-shaped hyoid hone y sit¬ 
uated above the glottis region, is made a part of the laryngeal 
complex by connecting ligaments which suspend the larynx. In 
addition certain minor laryngeal cartilages are described in human 
anatomy, for example, two minute rodlike cuneiform cartilages of 
Wrisherg , in the fold between the epiglottis and the arytaenoids; 
two small conical nodules, the cartilages of Santorini , surmounting 
the apices of the arytaenoids; and the iriticeous cartilages , embedded 
in the ligaments connecting the hyoid bone on either side with the 
thyroid cartilage, so called because of a resemblance to grains of 
wheat ( Triticurn ). The location and relationships of the most im¬ 
portant cartilages that make up the laryngeal voice-box of man 
are indicated in Figure 356. 


JL. 


I I - 


Epiglottis 


Hyoid 

Cartilage 



Thyroid 
Cartilage 


Cricoid 
Cartilage 

\.Trachcaf 
Rings 

Fm. 356.- Front view of human lar- 
yiiv. (Alter Cunningham.) 
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Fig. 357.—Vortical suction of the 
lnryn*. I, posterior fact* of epiglottis; 
2, false voe.nl cord; .V, true vocal cord; 
4, milcrior pari of cricoid; .0, section of 
cricoid; 6\ cut surface of thyroid car¬ 
tilage; 7, thyreo-hyoid membrane; <S\ 
thyreo-byoid muscle; .V, arytneno- 
cpiglottie muscle; W, (hyreo-arylaenoid 
muscle; 11, part of the Ih^reo-arytae- 
iioid muscle, within (rue vocal cord; 
12, crico-thyroid muscle; /.V, cavity of 
trachea. (After Teslut.) 


The vocal chords, which reach 
their greatest, differentiation 
in mammals, art* two pairs of 
bandlike folds on the inner 
wall of the larynx, one above 
the oilier, extending between 
the arytaenoids and the thy¬ 
roid cartilage (Fig. 357). Of 
these the upper pair are called 
“false,” and the lower pair 
“true” vocal cords. Made up 
of dense bands of elastic libers 
covered over by mucous mem¬ 
brane, their position and ten¬ 
sion may be alt ered by means of 
accompanying muscles. Dur¬ 
ing ordinary breathing they do 
not vibrate sufficiently to pro¬ 
duce sound, but when desired 
the column of air that is forced 
over their surface is modilied 
through their activity into au¬ 
dible vibra lions. 

In most cases sound is pro¬ 
duced by expiration of air over 
the vocal cords, all hough in ex¬ 
ceptional instances, a familiar 


example of which is the “hee-haw” of the 
donkey, the air does vocal service both going 
in and coming out. 

Between the true and false vocal cords a 
groove or concavity, known as the ventricular 
laryngis Morgagni , which is particularly well- 
developed in certain howling monkeys and 
vociferous apes, has the capacity of swelling 
out on either side into air-filled resonance 
sacs that function much as do similar struc- 


epiglottis 


arytaenoid 
thyroid 

trachea 



cricoid 


Fig. 358.—Larynx 
of Ziphtis cavirostris . 
(After Gegenbaur.) 


lures in frogs, by adding intensity to the sounds produced. Curi¬ 
ously elephants are without false vocal cords, while hippopotami 
have no others. 
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In young marsupials that remain alt,ached to the nipples of the 
mother for protracted periods by means of an automatic sphincter 
muscle around the mouth, the larynx becomes so elongated that 
it, extends up into the nasopharynx behind the soft, palate, enabling 
these young animals to breathe and take in milk at, the same time. 
This device eliminates complications usually attendant upon the 
double trallic of air and food in the pharyngeal crossing of the 
ways. 

Whales have an elongated larynx with the glottis enwrapped by 
the soft palate, an arrangement that mitigates some of the difficul¬ 
ties to which these most aberrant of mammals are subjected by 
their marine existence (Fig. 358). 


CHAPTER X IV 


OUTGO APPARATUS 
(EXCRETORY SYSTEM) 

I. Excretion 

The inevitable consequence of the metabolic processes char¬ 
acterizing living creatures is that various by-products are formed 
in the body that must be got rid of for the reason that they not 
only are useless to the organism but may become decidedly harm¬ 
ful if retained. 

Since there are many kinds of animals, there is a variety of de¬ 
vices for accomplishing this universal function. Excretions should 
not be confused with glandular secretions, such as saliva, milk, 
tears, mucus, enzymes, and hormones, which are of service to the 
organism. The mechanism of sewage disposal is the excretory ap¬ 
paratus. 

The substances eliminated by excretion may be in the form of 
gases, solids, or liquids. Lungs and gills furnish t he principal mech¬ 
anism for the excretion of the gas carbon dioxide , resulting from 
the respiratory oxidation of carbohydrate and fat foods, while the 
digestive tube is the avenue of escape for the solid refuse from in¬ 
gested food. Although the latter may not be regarded as true 
excretion, since the solids evacuated have never been incorporated 
as a part, of the body, it is nevertheless an indispensable part in the 
process of the disposal of waste. Both of these methods of elim¬ 
ination have already been considered in the foregoing chapters 
upon the digestive and respiratory apparatus. 

Jn addition to these two methods of disposal of the unusable 
products of tlie body, there is also a constant excretion, or sloughing 
off, of cellular material from the epithelial surfaces of the body, 
both from the outer exposed surface, and also from the lining of 
various tubes and ducts which have access directly or indirectly to 
the outside. 

The present chapter is concerned primarily with the disposal of 
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liquid waste by means of the urinary apparatus winch is ordinarily 
referred to as the “excretory system.” 

As a matter of fact liquid, or water in various guises, is disposed 
of in the animal organism through several different channels. It is 
thrown off from the lungs and the sweating skin of mammals as 
vapor; from the digestive tract as the fluid component of the feces; 
and above all from the kidneys in the form of urine. It. comes to 
the kidneys from the blood, charged with salts in solution, both 
organic and inorganic, together with a variety of other chemical 
substances, as well as cell wreckage of various sorts. 

Probably (lie simplest urinary apparatus of excretion is the con- 
traclile vacuole in protozoans, which periodically expels its liquid 
contents, accumulated from the surrounding substance of the cell 
to the outside. 

In the bloodless flatworms (planarians) excretion is accomplished 
through a system of branching ducts that ramify throughout the 
body and join before empt ying their excretory contents to the out¬ 
side. The numerous extreme tips of this hollow branching system 
end blindly in swollen knobs, called flame cells , because in the cav¬ 
ity within them there is a tuff of cilia whose flamelike flickering 
motion forwards the collected waste liquid on its outward way 
from the surrounding tissues. 

Jn animals having a body cavity, drainage tubes, or nephridia , 
.are introduced connecting the cavity with the outside. When 
nephridia occur in invertebrates they are typically paired and in¬ 
dependent of each other, but in vertebrates they are more or less 
massed together into definite organs of excretion, known as kid¬ 
neys. (ienerally nephridia open at one end into the body cavity 
and at the other, either independently or indirectly, through a 
common connecting duct to the outside. This furnishes a means 
of escape for the eoelomic fluid in the body cavity, which receives 
contributions by way of the blood from all parts of the body. Such 
an arrangement is of particular significance in many invertebrates, 
for example annelid worms, although decreasing in importance 
among vertebrates. On account of the lessening usefulness of the 
eoelomic fluid in the absence of an open blood system and the 
elaboration of a closed blood system, the liquid wastes of verte¬ 
brates are collected directly by the blood stream rather than after 
finding temporary sanctuary in the coelome. 

The excretory system of vertebrates may be described, there- 
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fore, as fundamentally made up of nepliridia, more oi less com¬ 
pletely emancipated from the original direct connection with the 
body cavity, blit nevertheless in intimate osmotic contact with 
blood capillaries by means of which waste materials are collected 
from the blood stream and transferred to the outside I hrough ducts 
of exit. 


The nephridial tubes of the kidneys have structurally much in 
common with the sweat glands of the mammalian skin that have 
been described as minute supplementary kidneys. Both are tubes 
with walls of excreting cells in close juxtaposition to capillaries, 
and have the power of abstracting waste materials from the 
blood stream. When it is remembered that there are over 2,000,000 
sweat glands in the skin of an ordinary human being, and that 
end to end they constitute over twenty-five miles of glandular tub¬ 
ing, according to Mac,fie, it will be realized that these microscopic 
structures are by no means insignificant understudies to the kidneys 

in the disposal of liquid waste materials from the 

( E /m For purposes of general description the urinary 

apparatus of a typical vertebrate may be consid- 
ered under three headings: (I) kidneys; (2) uri- 
nary ducts; and (II) bladders. 


II. K ION flYS 


Fig. 359.—Loft 
tabulated kidney 

of u bear, partly With respect to the shape of the paired kidneys 
j.j rn j e j the evolutionary tendency is towards compactness 

and consequently there is a certain parallel be¬ 
tween I heir form and the general contour of the body. The kidneys 
of the primit ive eel-like eycloslomes are long straplike bands, while 
in fishes generally they extend not only throughout the length of 
the body cavity but also they may penetrate even beyond into the 
tail musculature. Frequently too, the typical shape of the kidneys 
of fishes is modified to conform to the presence of the swim blad¬ 
der, which in fishes is a bedfellow of these organs. 

Among amphibians the wormlike Gymnopliiona and the long¬ 
bodied caudates have correspondingly elongated kidneys, narrower 
anteriorly and widening posteriorly, while in the squat Salientia 
these organs become much more compact and rounded in shape. 
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Although lizards and alligators somewhat resemble caudat.es 
superficially, the relation between the shape of the kidneys and the 
form of the body is less marked. The kidneys, however, are still 
somewhat elongated, but in turtles become decidedly compact, 
conforming to the rigid requirements of space imposed by the 
shell. The opposite extreme is shown by snakes that have the 
kidneys not only attenuated like the 
body but also entirely crowded out 
of the typical side by side position, so 
that they lie tandem-fashion one be¬ 
hind the other. 

The concavities of the elaborate 
pelvis of birds, in which the kidneys are 
for the most part, packed, form a re¬ 
stricting bony casket, that determines 
their tabulated form. The highest de¬ 
gree of compactness is found among 
mammals. 

The bear (Fig. 359), ox, seal, walrus, 
and porpoise have loM kidneys , a con¬ 
dition appearing also in human em¬ 
bryos but winch becomes obliterated soon after birth. 

Fusion of the two kidneys occurs frequently in teleost fishes 
(Fig. 360), and in some lizards, at least at the posterior end, as 
well as in many birds. Posterior fusion of the kidneys may ex¬ 
ceptionally appear even in man, when a so-called “horseshoe 
kidney" results. 

If for any reason one of two kidneys is put out of commission, 
the other usually enlarges into a “compensating kidney,” taking 
over the work of its incapacitated mate in addition to its own. 

2. POSITION 

The kidneys are always closely associated with the dorsal wall 
of the body cavity where they lie outside of the peritoneum. 

In fishes and birds they fit with intimate snugness along either 
side of the backbone, but in amphibians, reptiles, and mammals 
are less closely attached to the body wall, sometimes projecting 
into the body cavity. In mammals they may even hang free, en¬ 
closed in a peritoneal envelope which entirely surrounds them 
(Fig. 361). 



null ir, urogenital apparatus 
of teleost. (After Houle.) 
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dorsal hkso- 
i pastrium 


l Kidney 


preat 

omentum, •* 


Symmetry of position is quite fixed in birds whose kidneys are 

rigidly held side by side in depressions of the pelvis, but it is less 

.. \VjA apparent in mammals where, 

^uiAdorsal meso- being less restricted, one kid- 

$tofnach.J*T|i yf/wk * a5lrioq ' **ey usua lly not exactly 

It I) /&[ -P«r-itoneu/n opposite the oilier. The left 
pancrea*UL.., * j i • 1 • 

ft Hi • ? +p®- Kl<,ne 4 kuinev in man is ordinarily 

\\" jf J O situated at a somewhat higher 

11% II lewd than the right, although 

^ reat . Atx l P many exceptions to this ar- 

'I] a I Coc j omc rangement have been ob- 

|[ $ % served. 

1U?/I j ^ Each human kidney weighs 

\J) about four and one-half 

Fig. 361. Diagram of the great omen- ounces, and in its three major 

turn, showing position of the kidney behind dimensions measures slightly 

the peritoneum. (After Huntington.) ,, /• . . v 

more than lour by two by one 

inches. It is shaped like a “kidney bean," with a convex outer 

and a concave inner margin. The depression of the concave 

margin is the lulus, where the renal artery and the nerves enter 

and the renal vein, and ureter make their exit. 


Coelome 


3. GROSS STRI CTURE OF THE HUMAN KIDNEY 


When split lengthwise the kidney is seen to be a hollow organ 
with walls of very unequal thickness on the convex and concave 
sides. The excentric cavity within is known as the renal pelvis. 
This cavity is really a funnel-shaped expansion of the urinary duct, 
or ureter. The thicker walls on the convex and lateral sides are 


the solid substance of the kidney itself, made up of a mass of ne- 
phridia, blood vessels, and connective tissue, which even to the 
naked eye appears to be differentiated into a narrow, outer, rather 
uniform cortical zone , and a wider, inner, more diversified medullary 
zone , bordering immediately on the renal pelvis (Fig. 362). The 
entire structure is surrounded by a tightly fitting capsule of con¬ 
nective tissue, the tunica fibrosa. 

The medullary zone presents from seven to twenty cone-shaped 
segments, the Malpighian pyramids , the bases of which rest against 
the cortical layer while the apices, papillae , project into the cavity 
of the pelvis. Kadi cup-shaped part of the pelvis that surrounds 
a papilla is called a calyx. The narrow outer layer of the cortex, 
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upon which the bases of the Malpighian pyramids rest, lies just 
underneath the tunica fibrosa. Due to the presence of the cortical 

proximal 
v convoluted 
^ tubule 

^ Bowman’ 6 capsule 

_ distil 
AconveJutcd 
\ tubule 


artery 


cd 
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M I 
.2^ 



-descending 

o 

-ascending 

n 


Colie c tine 
tubule c 


^ papillary duct 

Fig. 362. —Diagram of three lobes of a kidney, showing the relation of a urinary 
unit to the circulatory system. (After Szymonowiez.) 


rays, it lias a striated appearance. Between the Malpighian pyra¬ 
mids are masses ol blood vessels, forming the columns of Berlini> 




Fig. 363. - Evolution of pyramids in different kidneys. (After Nuhn.) 


that are made up of subdivisions of the renal arteries and veins on 
their way to and from the renal tubules of excretion which are 
crowded together in the Malpighian pyramids. 
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The kidneys of many animals, for example, Echidna , marsupials, 
insectivores, rodents, carnivores, perissodactyls, and apes, that 
are uni pyramidal with only a single papilla (Fig. 363), are never 
lobed, since t he number of pyramids det ermines the number of lobes. 
The true multilobed condition of the human kidneys, which is 
most plainly apparent, at about the fourth fetal month, is masked 
by the growth of parts which eventually fill in the interstices be¬ 
tween the lobes. The relation of all these parts is described in the 
following section dealing with the microscopic structure of a single 
urinary unit or nephridial apparatus, and its position in the Mal¬ 
pighian pyramid. 

4. A l’HI IN ARY UNIT 


A urinary unit is a transformed nephridiurn that has gained an 
intimate connection with the blood system and established an 



Fig. 364.-—Diagram of u urinary unit. (After Picrsol.) 


avenue of drainage to the outside. The various parts of such a 
unit are pictured in Figure 364. 

The junction where the nephridial tube makes contact with the 
blood stream is called the renal corpuscle (Fig. 365). It. consists 
of a spherical tuft or knot of arterial capillaries, the glomerulus , 
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enveloped by a double cup of epithelial cells, Bowman's capsule , 
between the double layers of which is the cavity of the renal 
tubule, or nephridium. 

The formation of Bowman’s capsule around the glomerulus at 
the tip of lhe renal tubule is brought about when the glomerulus 
comes into contact with the tip of the tubule 
and pushes it in from the outside (Fig. 3h6), 
like the finger tip of an empty glove. The 
delicate inner cup of Bowman’s capsule is 
thus closely adherent to the glomerulus so 
that the blood in the glomerular capillaries is 
separated from the cavity at the end of the 






renal tubule only by two exceedingly thin cell Fig. 365.—Renal 

layers, that is the'wall of the inner run of <onsisti,, K of 

!> , , . ....... « capillary loop 

iSownian s capsule and the wall of the glomer- nierulus), enclosed in a 

ular capillary itself. Tims filtration of I he Rouble cup of endo- 
liquids to he excreted from the blood into (Bown,an ’ 8 

the nephridial tube is made easily possible. 

Once through the inner wall of Bowman's capsule, the excretory 
filtrate passes down the neck into a thick-walled, kinked-up 

glandular portion of the tube, 
known as the proximal convo¬ 
luted tubule , whence it continues 
around a non-glandular hairpin 
curve, /1 rule's loop, intoa second 
thick-walled, kinked-up glandu¬ 
lar part, the distal convoluted 
tubule , which opens in turn into a collecting tubule . Eventually the 
collecting tubules of neighboring units join into larger common 
channels, called the duels of Bert ini , that finally open into the renal 
pelvis at the tips of the papillae. As many as ten to twenty-four 
ducts of Bcrtini may empty into the calyx of the pelvis from a 
single papilla of the human kidney. It is the pelvis, or enlarged 
end of the ureters , which, by way of the bladder and urethra , estab¬ 
lishes a highway of communication with the outside world. Thus 
the entire urinary" unit from glomerulus to pelvis is a continuous 
canal, the walls of which vary much in character and function. 

The blood stream gets through the kidney in the following 
manner. On entering at the hilus by way of the renal artery that 
subdivides in the columns of Bertini into arterioles and arterial 


Fig. 366.—-Successive* stages in the 
formation of a Row man's capsule. 
(Alter Bailey.) 
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capillaries, these knot up into the glomeruli, which are entirely arte¬ 
rial, forming a rele mirabile , rather than an arterio-venous capillary 
transition. The afferent twig entering the glomerulus is larger than 
the efferent twig which makes its exit near by on the same side that 
the afferent twig enters. The inequality in the size of these twigs 
tends to build a pressure within the glomerulus that facilitates 
forwarding the blood. The emerging efferent twig soon breaks up 
into a capillary network which entangles the convoluted tubules. 
Here in this capillary network the arterio-venous transition occurs, 
since at this point intimate contact with the glandular walls of the 
convoluted tubules occurs, which makes possible the change in the 
blood from arterial to venous character. 

The venules emerging from the capillary network anastomose 
with neighboring venules from other units in the columns of Ber- 
tini between the Malpighian pyramids, finally joining to form the 
renal vein that emerges from the kidney at the hilus. 

The cortical part of the Malpighian pyramids presents to the 
naked eye a granular appearance because in it are embedded the 
glomeruli and the convoluted tubules of the urinary units, while 
the striated appearance of the medullary zone of the Malpighian 
pyramids is due to the presence of the parallel Henle’s loops and 
the collecting tubules (Fig. 361). 

It, is estimated that the human kidneys may include as many as 
2,000,000 urinary units that establish continuous open channels 
from the glomeruli to the pelvis, through which some of the com¬ 
ponents of the onward-rushing blood stream are diverted and even¬ 
tually discarded. 

According to Bowman's original theory (1812) of how this elim¬ 
ination is accomplished, the water of liquid excretion with inor¬ 
ganic salts in solution is largely derived from the blood at the 
glomerulus through Bowman’s capsule, while the nitrogenous aud 
organic waste products are abstracted from the blood through the 
glandular walls of the convoluted tubules after having been elab¬ 
orated in the blood stream during its passage through the liver. 

Theories based upon more recent studies explain the division 
of labor concerned in Lhe formation of urinary secretion somewhat 
differently. In any case processes of filtration, absorption, and 
concentration are involved along the course of the urinary units, 
resulting in the production of urine by means of which nitrogenous 
wastes from protein foods are disposed of. 




Fig. 367. “From an old woodcut of 1317. 

blood from which the urinary excretion is obtained by the kidneys 
is such a kaleidoscopic modifiable fluid tissue that it reflects con¬ 
stantly different states of metabolism within the body. Further- 
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more, under pathological conditions still other variations from the 
normal in the composition of the urine appear. Consequently urine 
analysis is an important aid to the diagnostician in finding out 
what is going on within the body. This fact was realized even by 
the medical practitioners of former centuries to whom the refined 
chemical technic of modern urine analysis v\as not available. At 
least certain abnormalities of urine could be discovered bv simple 
visual inspection and this was very generally, and no doubt more 
or less oracularly, done. In ihe (rude woodcuts of old medical 
books of the sixteenth and seventeenth centuries there recurs over 
and over again, like a motif in architecture or music, the urine 
mol if in the form of a urine flask, which plainly tells the story of 
the importance given to the examination of samples of urine in 
the medical diagnosis of those days (Fig. *567). 

Carnivores generally have an acid urine, while that of herbivores 

tends to be alkaline, except when they are feeding largely upon 

milk. It is usually more concentrated in animals, such as turtles 

and birds, which drink sparingly. In man its specific gravity varies 

from 1016 to 1020, and normally about a lit er and a half is produced 

everv twentv-four hours. 

• « 

Urine is characterized by nitrogenous waste products, such as 
urea, creatinin, hippuric acid, ammonia, and uric, acid, although 
nitrogen-free constituents and inorganic substances, such as sodium 
chloride, and sulphates and phosphates of sodium, potassium, cal¬ 
cium, and magnesium are also presenl. 

In mammals, amphibians, and fishes, urea, formed from the 
blood in the liver, is the prominent nitrogenous compound present, 
while in reptiles and birds, with a minimum of water as a com¬ 
ponent, it is uric. acid. 

Mitchell gives a table that accounts for about 99 ]>er cent of the 
constituents in most human urines, in which 95.1 per cent is water; 
2.55 per cent nitrogen-containing constituents; 1.26 per cent in¬ 
organic materials; and .052 per cent nitrogen-free substances. 


J11. U rtnaiiy Ducts 

The ducts that drain the paired kidneys are usually tw r o, al¬ 
though some fishes may have six or eight supplementary ducts 
when the nephridial organs extend into the extensive tail region. 
In higher vertebrates the urinary ducts are termed ureters. These 
tubes with muscular walls and a comparatively small bore for- 
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ward the continuous products of the kidneys not by gravity alone 
but by peristalsis regardless of the position of the body. 

The length of the ureters depends upon the position of the kid¬ 
neys within the body cavity. They are very long in snakes and 
extremely short, in birds. In adult man they average from eleven 
to fourteen inches in length. 

Urinary ducts terminate at the outside in various ways. In bony 
fishes, male amphibians, and monotremos, they unite with the 
sexual ducts into a common channel, or urogenital canal , opening at 
the genital aperture, in elasrnobranchs, most reptiles, and birds, 
they debouch into the cloaca, while in mammals they open into a 
reservoir, the bladder, whence by a second duct, the urethra, the 
outside is finally reached. 


IV. Bladdkiis 


The continuous excretion of liquids from the kidneys has given 
rise to the necessity for a temporary storage sac which may be 
emptied at suitable intervals. There arc three general types of 


urinary sacs, or bladders, 
namely, tubal, eloaeal, and 
allantoic. 

Tubal bladders , which aFe 
present in most fishes from 
the ganoids on, arc formed by 
the widening or enlargement, 
of the urinary din ts. In manv 



Fic.. 368.— Various 



typos of urinary 


lishes two independent hind- Madder* in fishes. duplex type in (iadns; 

, /» • * » B, birornis type in l^nisosteus: C and D, 

ders may form, rrsim duplex siinp|(;x lypi ; \ ilh lirillHry (hu;ls . 

(tig. 368, ,\), one near the bl. bladder; u.g.d., urogenital duct.; u.d.. 


end of each urinary duct, urinary duel; due.def., 
with the. two ducts afterwards Nulin '^ 


ductus deferens. 


uniting into a common passage-way of exit: or the two may 
run together into a common bilobed bladder vesica bicorriis 
(Fig. 368, 13), as in Lepisosleus and some other ganoids; or finally, 
the two excretory ducts may first join and then expand into a 
single bladder, vesica, simplex (Fig. 368, C), as for example, 
in the pike, Esox. In all of these eases the urinary ducts enter at 
one end of the bladder, while the exit is made at the opposite pole. 
The tubal bladder, which is frequently larger in the female than 
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in the male, is most, common in certain teleost fishes like the 
Pleiironeclidae that, have no swim bladder. It is somewhat diffi¬ 
cult to account for the presence in fishes of these structures that 
are rarely absent yet of doubtful utility. 

The choral bladder occurs in dipnoans, amphibians (Fig. 369), 
and monotremes. It is a diverticulum of the cloacal wall opposite 

the point where the urinary ducts, with which 
it has no direct connection, enter. It is located 
dorsally in lunglishes and vent rally in amphi¬ 
bians. Jn the perennibranchiate amphibians it 
is considerably elongated, but rounded and 
broadened in frogs and toads. Frequently it. is 
bilobed while in some caudales, for example 
Satarnandra , Triton , and huryceu, the lobes are 
prolonged into hornlike processes. 

Cloacal bladders are filled bv the closure of 



'cl 

Fin. 369. Cloa¬ 
cal bladder of an 
amphibian. ci.bl., 


doucal bladder; d., the outer cloacal sphincter and the backing up 

cloaca; u.d., uri- () j- q je ur j nar y secretion into them, 
nary duel. ‘ , 

I he allantoic bladder , according to most em¬ 
bryologists, arises from the enlargement of the proximal or basal end 
of the embryonic allantoic stalk. It is characteristic of mammals 
and of such reptiles as turtles and certain lizards that have a blad¬ 
der. In the case of other ainnioles, like snakes, crocodiles, some 
lizards, and birds, the whole allantois degenerates without develop¬ 
ing a bladder. In mammals that part of the allantoic stalk left 
within the body wall, when the umbilical cord connected with the 
placenta is severed at birth, enlarges to form the bladder, and also 
t he urachus , or vesico-umbilical ligament w hich anchors the bladder 
to the inner body wall at the umbilicus. Thus the proximal end 
of the allantois stalk enlarges into the hollow r sac of the bladder 
while the distal pari within the body wall undergoes quite a differ¬ 
ent fate in being transformed into a solid ligament utilized as a guy 
rope to support t he bladder. 

The occurrence of an occasional urachal cyst in man with urine 
escaping through the umbilicus by a fistula, apparently demon¬ 
strates the embryonic derivation of the urachus and bladder from 
the common origin of the allantoic stalk. 

Arey * says, however, “Contrary to earlier views, the allantois 
contributes nothing to the bladder or urachus.” According to his 

* Developmental Anatomy , W. B. Saunders Co., pp. 147-8. 
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view the mammalian bladder is a derivative of the embryonic 
cloaca. Future studies on this question will be welcome. 

The mammalian bladder is lined with mucous membrane and 
coated on the outside with peritoneum. It has a highly muscular 
wall abundantly supplied with nerves and blood vessels, the in¬ 
voluntary muscle fibers being diverted from 
tlieir originally regular, longitudinal and 
circular arrangement so that they inter¬ 
weave like felt in many directions. Upon 
contraction the cavity of the bladder be¬ 
comes smaller, therefore, in all dimensions 
like a leaking toy balloon, rather than 
collapsing like a hot-water bag from 
which the water has been emptied. 

The exit from the bladder is by way of a 
single duct, the urethra , the entrance to 
which is kept closed by a muscular sphinc¬ 
ter, except periodically when, upon the re¬ 
laxation of the sphincter, the urine is ex¬ 
pelled by the contraction of the muscular 
walls of the bladder. 

There is considerable variation in the 
location of the points where the ureters 
enter the bladder. Only rarely, as in Lepm 

and llyrax , do they come in from the opposite pole from the urethral 
exit as is the case among fishes. Jn most mammals they enter low 
down near the urethra by an oblique passage through the wall 
of the bladder (Fig. 370). This arrangement makes the backflow 
of urine into the ureters difficult, particularly when the bladder is 
full, because I be pressure from distention tends to close the bore 
of the ureters. 



Fig. 370. - Diagram 
of the diagonal passage 
of the ureter through the 
wall of the bladder. As 
the bladder becomes dis¬ 
tended the pressure in 
the direction of the sir- 
row lends to close the 
ureter. 


V. The Succession of Kidneys 

1. IN GENERAL 

Although all kidneys are fundamentally nepliridial tubes that 
extract liquid waste from the blood, the kidneys of different ani¬ 
mals are by no means homologous structures. 

Among craniate vertebrates there are three kinds of nepliridial 
structures serving as kidneys that differ from each other not only 
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in structure and position in relation to the blood system and the 

excretory tubes, but also in their embryonic history. 

The three kinds of kidneys, as named by the English embryologist, 

Balfour, are the pronephros of a few cyelostomes; the mesonephros 

of lishes and amphibians; and the meta - 

nephros of reptiles, birds, and mammals. 

The higher vertebrates, whose kidneys 

are of the metanephric type, pass t hrough 

preliminary proncphric and mesonephric 

t' r stages before t lie permanent, met a nephrio 

fric. .-171.— Diagram of a n 1 1 

ncphridiuin of an annelid stage is reached. As is Irequenlly the 
worm l>\ b, blood vessels; case, comparative anatomy and ernbry- 
C, cfM-lomc; cl. duct; ox- oJ , iave supplementary and coi.fim.a- 

rostoine: g, glandular lory stones lo tell from dillerent angles 

portion: s, septum; w, body about the same thing. 

wall; wg, wall of gun (M- r p| ie nearest a]>proach among inverte- 
ter Gallowa\.) , , . , 

brates to the vertebrate neplmdial appa¬ 
ratus is found in the nephridia of annelid worms (Fig. 371), which, 
however, are not connected together by common excretory ducts 
to form excretory organs, like the nephridia of all verlebrates, but 
rather consist of several pairs of independent tubes melamerically 
arranged. 


2. THE INKPHRIDIAL APPARATUS OF AMPHIOXUS 

The nephridia! apparatus of amphioxus is very much like that 
of annelids, but instead of extending practically I he entire length 
of the body with a pair of nephridia in every segment, as in annelid 
worms, the primitive nephridia of amphioxus are localized in the 
anterior part of the body throughout the pharyngeal region of 
the gill slits. 

They lie somewhat above the pharynx near the dorsal region 
and may equal the gill slits in number. Each nephridiurn is 
ojien externally, emptying independently into the peribranchial 
chamber surrounding the gills, and terminating internally in flame 
cells. 

There are present no common excretory ducts for carrying away 
the excretion from the nephridia of amphioxus, but the peribran¬ 
chial chamber, with its atrial opening, accomplishes the same pur¬ 
pose while serving at the same time as the avenue of escape for 
the water of respiration. 
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Thus the apparatus tor urinary excretion in axnptnoxus is pri- 
aiariYy concerned mfti coe\om\c drainage rather than will) direct 
extraction of urinary waste from the blood, g 
and it consists not of a single pair of organs, 
or nephroi , with their ducts, as in all true 
vertebrates, but of a scries of independent 
paired excretory tubules resembling those 
of annelid worms. 


w D 



3. PRONEPHROS 


C w 

Fig. 372.—Diagram of 

the relation of the body 

cavity to a single no- 

rpi _ i . .11 * . phridial element in verte- 

The pronephnc tubules, pronephridia, {, ruU . s . c< coel()IT)e; N< 

are few in number and mctamerioally ar- nephrostome; \VD, Wolf- 
ranged in the anterior part, of the body liun duel, leading to the 

cavity. They originate as cvaginations of capsllU; . s> skin . Wh , n 
the coelomic epithelium along either side of the neplirostome closes 
the mesentery, retaining a ciliated mouth, °H» the l)od y cavity no 

„r .^.1- (Ffo. 372), whirl) ope*., i„U, 

the coelomic cavity. At the outer extremity glomerulus in Bowman’s 
the pronephridia at first end blindly, but ™pside lias direct access 

later join together down each side Inform ( a fw ml ! *) U ° (iuct " 

a common pronephridi.nl , or segmental dad , 

/* opening to the outside. Opposite and median to 

the nephroslomes in the body cavity, a capillary 

ridge, the glomus, forms along the coelomic wall 

(Fig. 373). This ridge may be partly shut off 

from the general body cavity by a parallel fold 

of peritoneum. The ciliated nephroslomes open 

close to the glomerular ridge of capillaries along 

its course (Fig. 373), so that there are two 

Fig. 373.—-Re- ine j] 10( ] s G f obtaining excretion from the blood, 
construction ol the . 

pronephros of Sal- Kxcretion can pass first by osmosis into the 
aniandra. a, aorta; body cavity and be picked up indirectly in the 
c, coelome; <J, pro- curront formed by the ciliated nephroslomes, or 

glomus; l, 2, 3, it. can be extracted directly irom the capillaries 
pronephridia. of the glomus by the glandular cells that com- 

ter sTmon 1 ^ 1 ^ P ose ^ ,e walls of the pronephridia, much in the 

same way that the secreting cells of the con¬ 
voluted tubules in lhe urinary unit of the higher vertebrates 
obtain material from the blood of the capillary network. In 
either instance the liquid excretion is passed on through the 
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pronephridia to the segmental ducts, which dispose of the waste 
to the outside. 

No encapsuling connective tissue, like the tunica fibrosa of 
the human kidney, surrounds and unities the pronephridia into 

a definite organ. 

The pronephroi are best dev eloped in cyclo- 
stomes, where in some species they persist 
throughout life (Fig. 374), although replaced 
functionally in most cases by mesonephroi or 
kidneys of the second order. 

It is probable that in some myxinoids, 
Polislolrema or Bdellosioma , for example, they 
remain as the lifelong functional kidneys. 
They also persist structurally in some tele- 
osls. In other vertebrates, particularly types 
like elasmobranchs and amphibians that have 
a larval development, t hey put in a temporary 
embryonic appearance and later vanish. 

In the shark Pr is liar us there are four pairs 
of pronephric tubules; in the elasmobranch 
Torpedo , six; while in the legless amphibian 
Coer ilia, ten pairs of pronephridia hold the 
stage for a time during early development. 
Transient traces of pronephridia in mammals 
have been described, one or more pairs even 
having been identified in early human embryos 
where their maximum growth is attained in embryos of about 
3.5 mm. in length. 

Although the downfall of the pronephridia seems to be universal, 
with the possible exception of certain cyclostomes already men¬ 
tioned, the segmental ducts are more persistent and, as will be 
seen later, are retained to play an important- part in the succeeding 
dynasty of the mesonephros, which reaches its maximum in human 
embryos of about 10 nun. in length. 

4. MESONEPHROS 

The second type of kidney in the vertebrate succession is the 
mesonephros (Fig. 375). Like other kidneys this structure is made 
up of nephridial tubules, mesonephridia in this instance 
(Fig. 376), that develop in the embryo in the dorsal and lumbar 


i—»c? 

i 


i 



Ficj. 371. —Prone- 
phridial stage of cer¬ 
tain cyclostomes. Fe¬ 
male represented on 
the left; male on the 
right. 



OUTGO APPARATUS 


449 


regions of the coelome posterior to the pronephros and at a later 
time. They are distinct from pronephridia as shown by their 
relation to the ducts of excretion and by the fact that both prone¬ 
phridia and mesoriephridia may be present at the same time. 

Mesonephridia, which are much more numerous than prone¬ 
phridia, do not generally show the primitive metameric arrange- 


I 

I 



Fig. 375.- Mesonephridia I stage of the Am¬ 
phibia. Female represented on I he lefl; male on 
lhe right. 




Fig. 376. ■ A l). dia- 
grams showing t. h e 
differ on Liu ti oil of a 
inosoneplirie tubule. L. 
lateral; M, median; T, 
milage of mesonephric tu¬ 
bule; M.D., mesonephric 
duct (From Arey, after 
Felix-Prentiss.) 


merit. The most anterior mesonephridia are the oldest, and sub¬ 
sequent additions arise posteriorly. They originate independently 
and connect secondarily with the paired segmental ducts that 
hold over from the former regime (Fig. 376). 

Each mesonepliridium primarily forks at its inner end. One 
branch terminates with a nephrostome opening into the coelome, 
while the other ends with an indei>endent glomerulus from the 
blood system, forming a renal capsule by means of an indented 
Bowman’s capsule (Fig. 377, B). Thus there are established two 
avenues for excretory collection, namely, the ciliated nephrostome 
for drawing whatever fluid collects in the body cavity, and the 
renal corpuscle for direct abstraction from the blood. 
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The nephrostomes of some of the more anterior mesonephridia 
remain permanently open, particularly in the elasmobranchs and 
ganoids, while in cyclostomes they are retained throughout the 
entire length of the mesonephros, although they are for the most 
part obliterated. 

When the nephrostomes all become closed, as in amphibians and 
amniotes generally (Fig. 378, right side), the body cavity virtually 



Fig. 377.—Gross sort,ion diagrams showing two stages in the development 
of the nephridia. \, pronephrie stage; B, mesonephrie stage; ao., aorta; B.c., 
Bowman’s capsule: gl., glomus; ines., mesentery; m.t., mesonephrie tubule; 
M.d., Mullerian duel; myo., myotome; noto., notochord; p.c.v., posterior 
cardinal vein; s.d., segmental duet; sp.e., spinal cord; n, nephrostorne; W.d., 
Wolllian duet. (After Wiedersheim.) 

becomes a closed sinus so far as the blood system is concerned, and 
the peritoneal fluid, with whatever excretion may be present in it, 
can escape only like other lymphatic fluids through the blood 
channels. 

The mesonephros functions as the kidney throughout life not only 
in cyclostomes, with the exception of the liagfishes already men¬ 
tioned that retain a pronephros, but also in lishes and amphibians. 
It also serves temporarily as the kidney for practically all other 
vertebrates until it is superseded in turn by the metanephros. 

in reptiles, as well as in Echidna and Didelphys among mammals, 
the mesonephros endures until some time after birth, and in the 
case of the lizard Lacerla , even until after the first hibernation. 

In most mammals the functional mesonephros is confined to the 
embryonic period, although occasionally, as in the guinea pig and 
mouse, degenerating so early that it probably never functions as a 
kidney at all. 
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In man the mesonephros, or Wolffian body as it comes to be 
called, readies its high-water mark during the second month of 
fetal life, when it appears as a slightly projecting ridge on either 
side along the dorsal part of the coelome from the posterior cervical 
region to the pelvis, where the two ridges fuse into one. 

The drainage ducts of the mesonephroi are the persisting seg¬ 
mental ducts of the vanished pronephroi, known in their new role as 
Wolffian duels (Fig. 375). 

Thus, if the whole me¬ 
sonephros, whose secre¬ 
tion is delivered through 
a duct, is compared to a 
gland, which it. certainly 
resembles in a superficial 
way, there is one striking 
difference to be noted 
between it and an ordi¬ 
nary gland, namely, the 
duct is formed before the 
secreting part is devel¬ 
oped and independently 
of it. 

When in reptiles, birds, 
and mammals the meso¬ 
nephros degenerates and 
gives way to the melanephros, many of its component parts, in 
particular the ducts of excretion, are salvaged and utilized for 
other purposes in connection with the reproductive system. 

The whole mesonephros, at least in its coelornic aspect, is en¬ 
cased in a peritoneal envelope, and is a much more compact and 
unified organ than its pronephric predecessor. 

5. METANEPlf KOS 

The third and last type of vertebrate kidney, which replaces the 
mesonephros in reptiles, birds, and mammals, is the melanephros. 

Its nephridial tubules, the metanephridia , already described as 
“urinary units,” take their origin in the tissue surrounding the 
posterior part of the Wolffian ducts in the sacral region of the body, 
ventral to the sacrum and dorsal to the cloaca when this is present 
(Fig. 379). 
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Fig. 37ft. —Schemati section to show the 
specialization of I he dorsal part ol tin* coelome 
into nephric tubules and glomeruli. On one 
side lhe tubule and glomerulus remain in con¬ 
tinuity with the coelome; on the other side 
they are buried in the Wolffian ridge (After 
Keith.) 
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The metanephridia are very numerous, elongated, and highly 
modified histologically, as already indicated. They are not arranged 
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Fig. 379.—Metanephridial stage. Female represented on the left; male on 

the right. 


metamerically at any stage and are massed together inside of the 
tunica fibrosa so that they form organs, part icularly in mammals, 


intestine 



Fig. 380. —The cloaca of a human embryo of abou t twenty-six days, showing 

beginnings of ureter. (From Keibel’s model.) 


more independent of the coelomic wall than either pronephroi or 
mesonephroi. 

In position the metanephridia are posterior to the last mesone- 
pliridia, developing at a later time. A neplirostome is never present 
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and consequently at no stage do the metanephridia communicate 
with the coelome. As the result of the absence of the nephro- 
stome brand) of the nepliridial Lube, the connection with the blood 
system, that, is with the renal corpuscle, appears to be at the 
blind end of the tubule and not on a side branch like one arm of a 
Y, as in the mesonephridium. 

An entirely new pair of excretory ducts, the true ureters, sprout 
out from the base of the Wolffian ducts (Fig. 380), and with these 
new ducts, that are not made over from something that has gone 
before, the metanephridia eventually connect. Meanwhile the 
Wolffian ducts that have already served more than one master, 
being shorn of their former excretory mission, are turned over to 
the reproductive system to take on still another function as sperm 
ducts in the male, while in the female they degenerate and pass out 
of the picture. 

In man the metanephros, or permanent kidney, assumes dom¬ 
inance during the third month of fetal life. The remains of the 
mesonephros, as well as the mesonephric ducts, become acces¬ 
sory to the reproductive apparatus later. 



CHAPTER XV 


THE PRESERVATION OF SPECIES 
(REPRODUCTIVE SYSTEM) 


I. Tin; Significance of Reprodiction 

The individual is the triumphant outcome of the age-long inter¬ 
action of all the mighty and intricate forces of evolution. 

The various mechanisms of metabolism thus far considered, in¬ 
cluding the integumentary, digestive, circulator), respiratory, and 
excretory systems, as well as the mechanisms of motion and sensa- 
tion which are to be described in Part 111, all contribute directly 
to the development and maintenance of I Ik 1 individual. There is 
indeed only one. other concern in nature of greater moment than 
the up-keep and well-being of the individual and that is the con¬ 
tinuation on the face of the earth of those precious products of 
evolutionary travail which have “won a place in the sun.” Life 
must go on. Such is nature's ultimatum, although no single in¬ 
dividual, even of the genus Homo, is of so supreme importance that 
it. cannot be spared. Individuals die only to be replaced by others, 
and in the long run this is a fortunate provision, since it is the fate 
of every organism, like any other delicate piece of machinery, to 
wear out and become useless eventually in the natural course of 
events. 


To provide for the life of ilie species by replacement is the part 
of reproduction. 

Filling the gaps caused by the death of individuals in (he rank 
and file of organisms may be regarded as a matt er of estra growth 
beyond individual requirements at the expense of non-living materi¬ 
als. The surplus thus gained may become detached from the orig¬ 
inal organism to form a new and independent individual. Excess 
growth material endowed with the capacity to reconstruct a new 
individual is termed germ plasm, while the body from which it. is 
detached is composed of somatoplasm. 

Organisms generally, which are made up of these two kinds of 
materials, consequently lead a dual life. The mortal somatoplasm 
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is inevitably headed towards eventual death, while the potentially 
immortal germplasm has opened up before it the possibility of 
escape from death through reincarnation in a new individual life. 

The germplasm thus forms a continuum which joins genera I ions 
together. Any particular organism represents not something new, 
like a manufactured article, but the ultimate link in an unbroken 
chain extending back into the evolutionary past farther than 1 lie 
imagination can follow it. In this way the torch of life is not ex¬ 
tinguished but is handed on. 

Maintenance of the species , as contrasted with maintenance of the 
individual, is an unselfish altruistic function, frequently accom¬ 
plished at the expense of individual comfort, or even at the sacri¬ 
fice of the individual life. 


The effective operation of the function of reproduction on the 
part of animals lacking the ability to reason and uncontrolled by 
altruistic motives is insured by being grounded firmly in funda¬ 
mental urges and universal desires which carry the reward of 
selfish satisfaction while at the same time accomplishing the al¬ 
truistic end of providing for others. 

That flower of creation, moral man , in spite of the fact that he is 
by no means entirely emancipated from the effective laws of the 
jungle, has in comparatively recent evolutionary times set up cer¬ 
tain ethical rules to govern t he operation of the indispensable func¬ 
tion of reproduction that are somewhat at variance with a life of 
selfishness. Moral responsibility does not worry animals. When a 
vigorous tomcat, surcharged with natural physiological urges, sets 
out at dusk for an adventurous night of feline felicity, he is un¬ 
troubled by any eugenic vision of birth control, and is in no way 
sobered by the thought that, he may become accountable for future 
generations of unwanted alley cats. 

It is perhaps biologically fortunate that man, although subjected 
to an overlay of social restraints, is still bombarded by the same 
universal compelling physiological urges with their rewards of 
selfish gratification which serve to safeguard and insure the al¬ 
truistic and sacrificial ends that result in the perpetuation of the 


species. 


II. Methods of Reproduction 

Sex, in spite of the popular impression to the contrary, is not 
essential to reproduction. Many organisms reproduce their kind 
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a sexually by processes of unequal fragmentation, such as budding 
and spore formation, or by more or less equal division into two, as 
in the lission of many protozoans. 

The Jirst event in the life of any vertebrate, however, is the union 
of two highly endowed cells, called (jarnel.es, furnished by two dif¬ 
ferent individuals, male arid female. The undifferentiated cell thus 
formed is a “ fertilized egg," or zygote, than which no other cell has 
so great expectations. 

This is sexual reproduction and in describing the mechanism in¬ 
volved one should first of all distinguish the essentially "immortal 
germplasm" (Weismann) that bridges the generations, from the 
accessory structures which minister thereto, but are destined to 
perish with the life of the individual of which they form a part. 

111. Thk Essential Reproductive Cells 

Germplasm, the essential material concerned in reproduction, 
consists of sperm cells and eggs in sexual animals. 

1. SPKI1M CELLS 

The detachable germinal units derived from the male individual 
are sperm cells. They are frequently called spermatozoa (sperrna, 
seed; :oon % animal], an awkward and misleading word, embalming 
the historical fact that when these cells were first- discovered by 

early microscopists, they were thought to be tiny 
independent parasitic animals (Fig. 381). 

A sperm cell in order to produce a new indi¬ 
vidual must always join forces with an egg cell. 
It can never become an individual unassisted. 
Such union, however, is not indispensable in 
the case of the egg cell, which among certain 
invertebrates may develop parthenogenetically, 
that is, without the assistance of a male sperm 
(‘ell. 

The sperm cells of different species have a 
chemical specificity for the eggs of their own 
kind, and animals do not bastardize under 
ordinary conditions even though their germ cells may have free 
access to each other, as in sea-water for example, where a variety 
of different kinds of eggs and sperm are present. If this were not 
true, untold confusion would result. 
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Fk,’. 381. Sper- 
inalo/.oan (“ani- 
malculum”) of a 
man, according to 
Leeuwenhoek, J678. 
(After J lease.) 
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The motility which enables the active sperm to seek out the 
comparatively stationary egg is accomplished among vertebrates 
by the development of a vibratile “tail/’ that sculls the cell body 
of the sperm forward through a liquid medium. Certain inverte¬ 
brates, however, such as some of 
the nematode worms, arachnids, 
mites, myriapods, and many crabs, 
have amoeboid sperm cells which 
creep to their destination in contact 
with a substrate instead of swim¬ 
ming freely through an intervening 
fluid. Fish sperm do not take on an 
independent, motility until they are 
expelled into the water. 

The details of struct ure of a t ypi¬ 
cal sperm, together with an indica¬ 
tion of the sequence of (‘vents by 
w hich if attains a highly specialized 
locomotor form from its generalized 
embryonic shape, are shown in 
Figure 382. Cockerell has happily 
described a mature sperm cell as 
stripped “like, a Homan soldier 
without impedimenta." - Its entire 
cytoplasm, indeed, is sacrificed to 
forming a structure devoted to 
carrying forward the “head" of the 
sperm, which is practically only the nucleus containing the chromo¬ 
somal bearers of heredity. 

The numbers of sperm cells produced by male animals of different 
species is greatly in excess of the number of eggs furnished by cor¬ 
responding females. It has been estimated by Shipley that in man, 
for instance, the total number of sperm cells produced during the 
sexual life may be 340 billion, while the eggs that come to maturity 
during the lifetime of a human female will hardly exceed 400. This 
makes the ratio of possible sperm to eggs in humankind something 
like 850,000,000 to I. 

There is a corresponding discrepancy in size between the male 
and female germ cells (Fig. 109), yet it is a demonstrated fact that 
the egg and sperm are essentially equal partners with respect to 



Fir:. 382.-1-7, stages in the 
development of sperm cells. a.o., 
anterior eentrosome; a.I’., uxial 
lilament; <■., evtoplasm; c.p., con¬ 
necting piece, n., nucleus; nk., 
neck; p.e., posteiior eentrosome. 
(After Moves.) 
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hereditary chromosomal determiners which each sex contributes 
to the mutual enterprise of a new individual. 

The viability of sperm cells after detachment from the male 
likewise shows great variation. Ilaempel gives the duration of in¬ 
dependent life in water of the sperm of certain fishes, as follows: 


Trutta fario. 
Trutta viridea . . 
Trutta salar . . . 
Salmo hucho 
Barbus fluviatilis . 
Esov lucius. . 

Cyprinus carpio. . . 


23 seconds 
40 “ 

45 “ 



3-4 minutes 
5 


According to Lewis, human sperm may retain activity for three 
days after the death of the male, and if deposited in the female 
genital t ract , for a week or more. 

The sperm of bats remain alive and efficient from the time of 
pairing in autumn until the following spring, when the eggs are 
ready for fertilization. Among invertebrates may be cited the re¬ 
markable case of the honey bee, where the sperm from the drone 
may live in the body of the queen for over a year. 



EGGS 


The ova , or gcrmplasmal cells of the female, are less independent 
of the individual which produces them than the sperm cells of the 
male. In many instances they tarry within the protective body for 
a considerable time after attaining potential independence and 
may even undergo extensive development into a new organism, as 
for instance in mammals, before forsaking the maternal body in 
which they originated. 


The fact that an egg is u fertilized M by sperm and not vice versa 
lias entailed the necessity for providing various additions to the 
egg cell itself in the form of stored nutrition and protective en¬ 
velopes for the forthcoming individual that are entirely unneces¬ 
sary in sperm cells. The chief emergency ration stored in the egg is 
yolk, which represents one of the earliest instances of “prepared- 
ness’' on record. The quantity of such food in the eggs of different 
species of animals varies all the way from a meager fat droplet in 
certain protoplasmic eggs to the relatively enormous supply mak¬ 
ing up the familiar yellow sphere in a lien's egg. The large size of 




THE PRESERVATION OF SPECIES 


459 


the latter is due to llie generous supply of stored food material and 
not to the amount of living cytoplasm which is little different from 
that of much smaller eggs. 

In addition to yolk, the eggs of turtles, crocodiles, and birds 
have a supply of albumen, or “while/’ wrapped around the yolk 
that adds variety to the embryonic bill of fare. 

The eggs of amphibians also are covered with a 
glairy albuminous coating, which has the property 
of sw elling up into a thick protective jelly like enve¬ 
lope upon exposure to wat er (Fig. 3811). This explains 
the reason why the total quantity of eggs which a 
submerged frog or toad lays all at once, enlarges and 
floats to the surface, forming a mass considerably 
greater than that of the entire body whence it came. 

The eggs of toads are strung together like pearls, 
while those of frogs and salamanders are in gelat¬ 
inous clumps. 

Eggs that are not shed directly into water, or do 
not undergo preliminary development into embryos 
within the sheltering body of the female, are pro¬ 
vided with some sort of a protective shell. Hu’s may 
be leathery or of a texture like parchment, as in many 
reptiles, but it is usually calcilied, being perforated by innumerable 
tiny air holes through which respiration lakes place. The cal¬ 
careous-shelled egg of the warm-blooded bird differs in the three 



Fig. 383. 

A hunch of 
frog’s eggs 
attached to a 
stick. (After 
<i. II. Her¬ 
rick ) 
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Vitelline membran 
Fro. 384. Egg of a bird. 
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(After Sehimkewitscb.) 


following ways from that of the cold-blooded reptile: by having a 
heavier firmer shell: an air chamber at one end within the shell 
(Fig. 384); and a greater amount of supplementary albumen, a part 
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of which develops into the chalaza, that anchors the yolk at either 
pole like a twisted guy rope, preventing undue mechanical dis¬ 
turbance. 

The chalaza also allows the yolk, bearing its precious protoplas¬ 
mic disc, to rotate within the shell so that the disc is always on top 
and not pressed against the shell, regardless of the position of the 


egg as a whole. All of these additional modilications of the avian 
female germ cell are devices called forth by the necessity of egg- 
laying on land and subsequent incubation. 

After an egg has taken in a sperm and is “fertilized,” it requires 
a period of enhanced temperature in order to begin development 
into an embryo. This is the period of incubation. Fishes usually 
resort to warmer waters to spawn and turtles deposit their eggs in 
sand where the heat of the sun has access to them. Sea turtles, 
whose young are liable to greater hazards than land turtles, come 
ashore and abandon on the friendly doorstep of sand and sun as 
many as 150 or 200 eggs, while alligators pile up a swampy nest of 
rotting vegetation in which to leave their eggs, the fermenting 
mass engendering the amount of added heat requisite for bringing 
the eggs to the hatching point. Frogs’ eggs, deposited in the 
shallow water along the margins of ponds in spring, receive the 
sun’s rays through their transparent spherical jelly-like envelopes 
which act like a lens in focusing the heat, thus providing the 
necessary increase in temperature. Birds build incubators in the 
form of nests where the temperature of their eggs is raised by means 
of contact witli Ihe warm bodies of the parents. 

In shape the eggs of vertebrates are t ypically spherical, particu¬ 
larly those of fishes and amphibians that are deposited in water, as 
well as t hose of mammals which do not require a shell because they 
are not exposed. The eggs of reptiles are usually elongated and 
elliptical, while those of birds are prevailingly oval with one end 
more pointed than the other so that they pack economically within 
the confines of a nest. Most sea birds build shallow nests, depositing 
their eggs either in perilous crevices or in Hat exposed situations, 
consequently their eggs taper so much that they do not roll away 
when disturbed, but simply pivot about in a circle, remaining safely 
in the nest. 

As already pointed out, the egg by reason of the presence of 
yolk and albumen exceeds the sperm many times in size. The 
human egg (Fig. 109) is very small, but although only about JI 25 
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of an inch in diameter, it is nevertheless 50,000 times larger in 
volume than a single sperm, which measures scarcely 5 micra in 
diameter. 

The eggs of marine fishes are usually smaller and more numerous 
than those of lresh-water fishes, although elasmobranchs form a 
notable exception, as they have the larg¬ 
est eggs not only of any fishes, but also 
probably of any animal, liraus reports a 
specimen of the shark Hexunrhus grisrus 
that measured 4.2 meters in length and 
weighed 100 kilograms, from which he 
took out of a single oviduct 5.4 eggs of 
approximately the same size, each measur¬ 
ing 9 by 11 centimeters and weighing 
about 500 grams. The eggs of certain 
Japanese careharid sharks are known to 
attain the size of 11 bv 22 centimeters, 
dimensions considerably exceeding the 
average of 12 by 15 centimeters common 
to ostrich eggs. 

The number of eggs produced bears a 
direct relation to the chances for attain¬ 
ing maturity. Elasmobrauch fishes, the 
young of which are born alive and well 
advanced at birth towards a stage when 
they can fend for themselves, produce 
only a few eggs (Fig. 385,). Prevast, for 
instance, gives four to fourteen ova as the seasonal output of the 
elasmobrauch Torpedo rnarmoralu. The stickleback, Gasleroslcua, 
which makes a nest that is guarded by the male, lays less than a 
hundred eggs. On the other hand the codfish, Gadus , whose 
unprotected eggs are exposed to the countless perils of the open 
ocean, broadcasts several million eggs during a single breeding 
season. This enormous output in turn is numerically low when 
compared to that of certain termites among the insects whose 
queen lays eggs continuously at the rate of one per second for a 
year at a stretch, making a total of some 30 millions from a single 
female. 

Ascending the vertebrate scale from fishes through amphibians 
(Fig. 31), reptiles, and birds to mammals, there is an increasing 



dogfish, Scyllium, cut 
open to show tin*, embryo 
surrounding (lie yolk 
within. Thu egg c ase is 
prolonged into nil angling 
tendrils. (From Sohimke- 
witsch, after Home ) 
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provision for parental care with a corresponding falling off in the 
number of eggs produced that suggests the mathematical computa¬ 
tions and conclusions of an expert life insurance actuary. 

When eggs are supplied with a large amount of yolk, the embryos 
have the opportunity to reach a more advanced stage of develop¬ 
ment before hatching, but in the case of poorly provisioned eggs 
they must embark on their worldly adventures with less prepara¬ 
tion. Mammals, whose eggs are practically devoid of stored nour¬ 
ishment, attain the advantages of advanced preliminary develop¬ 
ment by the device of gestation. 


IV. Secondary Reproductive Apparatus 

As already indicated, eggs and sperm are the essential reproduc¬ 
tive cells. They preserve and carry forward the architecture and 
traditions of each species, but in doing this they require a place of 
abode, devices for bringing the germ cells together in effective 
union, and provision for the safe development of the fertilized egg 
into a new individual. These aids to the germ plasm are a part of 
the somatoplasm (Weismann), or the non-germinal body of the 
individual. From the viewpoint of the species the body, or somato¬ 
plasm, may be regarded simply as a mortal vehicle for temporarily 
maintaining and transmitting the immortal germplasm. 

The parts of the body that are in the direct service of the germ 
cells are (1) gonads, or organs that house eggs and sperm; (2) ducts, 
or passage-ways that transmit the germ cells; (3) apparatus of 
various sorts for facilitating the union of the sex cells; (4) accessory 
glands; (5) devices for the (‘are of the eggs before and after fertiliza¬ 
tion; ((>) certain rudimentary organs of doubtful utility; and 
(7) moditications of the body that differentiate male from female, 
and which may possibly influence sexual behavior. 


1. GONADS 

The gonads are paired masses of mesodermal tissue (Fig. 386) 
that develop on either side of the mesentery in the antero-lateral 
part of the vertebrate body cavity. They become invaded by 
potential germ cells which like all other cells are the direct lineal 
descendants by mitosis of the original fertilized egg from which the 
organism arose (Fig. 387). They differ from other cells of the body 
in retaining their undifferentiated condition for a longer time. 
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Gonads lhal harbor future sperm cells are called fesles, and those 
in which egg cells are embedded, ovaries. According to an almost 

intermediate cellular glomerulus 

Wolffian duct-^^ 

Mullerian duct-.. 

•-Mullerian duct 


body wall- 1 



-Wolffian duct 


—body wall 


neplirostome 


mesentery \ Wolffian ndge 

' 'ecmtal ridoc 
• * 

Fin. 386.—Diagrammatic cross section across the Woldian and genital 
ridges, to show the origin and relations of the 4 Mullerian duets and tubules of 
the WolUinn body. (From Keith, after Pasteau.) 

universal rule among \ertebrales, the testes and ovaries develop in 
different individuals, llial is, the sexes are distinct from each other. 

Usually gonads are massive 
structures that do not show 
metamerism, but in amphioxus 
they are arranged metameri- 
callv along the gill region in as 
many as twenty-six pairs. The 
largest pairs are in l he middle 
with others decreasing in size 
at either end. Although super- 
licially alike, t he sexes are dis¬ 
tinct. 

In most vertebrates, how¬ 
ever, there is not more than a 

single pair of gonads, aild con- Fig. 387.— Separation of somatic and 

sequently metamerism or seg- gormplusmal cells in live stages in the 

mentation, SO characteristic of developing embryo of the nematode 

, worm, A scar is. I he darkened cells rep- 
many organs, disappears. In a mson f q, e gormplasm, becoming, in E, 

few vertebrates only a single the ancestral cells from which the eggs 

gonad is present, either as the or s P orm arise * All oth( ‘ r cells by re- 

r . pea ted division become the hodv of the 
result of the fusion of a pair as ' worm (Mler M «-isenhcimer.) 

in the lamprey eel, or of unilat¬ 
eral degeneration, as in the hagfish, and the single left ovary of 
most birds, while frequently one of a pair of gonads will be smaller 
than its mate. 
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The germ cells, which are the distinctive features of gonads, 
arise from embryonic endoderm that never shows metameric ar¬ 
rangement, in its development. 

The shape of gonads is in general influenced by the body form 
of the animal to which they belong. Thus, in the wormlike am¬ 
phibian, lipicrinwn , they resemble a segmented chain; in caudates 
they are long and spindle-shaped, and in frogs and toads, oval. 


Urinary bladder 


Urethra 
Uterus masculines 


Appendix epididyvs 
Appendix testis. 


Prepuce... 
Gians... 



. Ampulla 
Scm/odJ vesicle 

Ejaculatory duct 

Estate gland 

|teulbo-ure£hra| 
dand 

Corpus spongiosum 

Glands of Liltre 

Ductus 
deferens 

Corpus cavernosim 

^pididv^mis 

^rddidtjmis 
Pete 

/lestis 

. .Scroturr\ 

.Tunica fibrosa 


Fig. 388.- Diagram of the male genitalia in man. (From Jordan and Ferguson, 

after Merkel.) 


Among reptiles it is easy to distinguish the gonads of the short 
wide turtles from those of elongated snakes by shape alone. 

During the breeding season gonads, particularly those of the 
prolific fishes, increase enormously in size with the multiplication 
and growth of the germ cells. The gonads of males are always more 
compact organs than those of the corresponding females because 
of the difference in size of the germ cells that are contained in 
them. 
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(a) Testes .—The testes arc so called because in former times 
hands were placed oil these important organs when “testifying” 
under oalli. 

They not only harbor sperm cells but also produce internal 
secretions, or hormones , which are concerned with the development 
of the so-called secondary sexual characters that differentiate a male 
in appearance from a female. 

A testis arises as a genital ridge along the ventro-medial border 
of the mesonephros, or Wolffian body (Fig. 386). In most of the 
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Fig. 380. Stages in the 'spermatogenesis of man, arranged in a composite to 
represent a portion of a seminiferous tubule (\ l )00) that has been sectioned 
transversely, sp’c, sperm cell. (After Arey.) 


lower vertebrates it maintains an int imate relation wit It the anterior 
part of the mesonephros, that in this region loses its original ex¬ 
cretory function, becoming transformed into a useful accessory 
reproductive organ, the epididymis , through which the sperm pass 
on their way to the sperm duct. Even higher up among mammals 
the epididymal portion of the transient mesonephros is still pre¬ 
served as an integral part of the reproductive apparatus in the 
male. The entire structure becomes rudimentary in the female, 
being represented only by useless fragmentary remains, the epo- 
ophoron , that, like degenerating organs generally, is frequently the 
focus for cystic formations and other pathological troubles. 

Teleost fishes form a notable exception with respect to intimate 
dependence of the reproductive organs upon the nephridial appara¬ 
tus, for in them the testis is entirely emancipated from the meso¬ 
nephros, with no attendant epididymis. 
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The compact testes of mammals are generally somewhat oval 
bodies, enclosed in a close-lit ting capsular sheath of connective 

tissue, I lie tunica ulbinjinea , outside 
of which, on Ihe free exposed surface 
at least, is a layer of endothelium, 
the tunica vat fin a l is, homologous with 
the peritoneum that lines the body 
cavity. I'nderneath the tough tunica 
albuginea is another layer of looser 
texture well supplied with blood ves¬ 
sels, the tunica rascuiosa. Partitions 
of connective tissue extend from the 

section of Him* seminiferous tunica albuginea from one side to the 

tubules from the lost,is of a \n liile .i w „ • i- w „ « ■ . .• • . 

/KVt c \ other, dividing the whole testis into 

mouse. (Alter S/.>monowie/,.) 

wedge-shaped compartments (Fig. 
388) within which arc lodged the seminiferous tubules that produce 
the sperm cells (Fig. 389). Two sorts of cells are found within the 
walls of these tubules; first, the 
supporting and possibly nutritive 
Sertoli cells; and second, the pri¬ 
mordial germ cells, or spermulofjo- 
niu, dest ined al ter repealed mitoses 
to give rise to the sperm. j 

Between Ihe tubules there are 
blood vessels, and still another kind 
of cells that form the endocrine 
part of the structure (Fig. 390), 
namely, interstitial cells , or the so- 

called “puberty glands” of Stein- 36].—Tubes <>l test,is. 1 , 

. tuhuli eontorti; 2, rete testis; 3, duc- 

tuli efferentes; i, 6, ductus epididy- 
111 mail the seminiferous tubules mis; 5, 6, duetuli uherrant.es, 7, 8, 

(Fig. 391), of which lhere may be duciiw deft-mw; 10 paradidymis. 

^ ^ , (Alter Szymoiiowiez.) 

several hundred, are very much 

kinked-up for the most part of their length ( tuhuli eontorti ), but 
they straighten out ( tuhuli recti) as they focus together at the 
inner side of the testis. A single convoluted tubule, occupying or- 
diuarily a span of not more than one inch, stretches out when 
uncoiled to over a foot in length. 

Tubuli eontorti pass over continuously at their inner ends into 
tubuli recti which anastomose together into a network of tiny 
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passages forming the rete testis , from which emerge other continu¬ 
ous tubules, dueluli ejferentes , that pass through the epididymis, 
eventually reaching the sperm duct, or ductus deferens , leading to 
the outside. 

Both blood vessels and nerves reach tlie testis between layers 
of tissue continuous will) the peritoneum, thus forming the rnesor - 
chium , which serves as an anchoring bridge between the body wall 
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Fig. !i ( )2. -Three stairs in the descent of the testes. (After Arey.) 


and testis in the same way that the mesentery serves the intestine. 

The original anterior embryonic position of the testis within the 
body cavity is by no means always maintained. There is an evolu¬ 
tionary tendency particularly among mammals, for the testes to 
migrate backward during the course of development. In the higher 
animals this tendency is carried to so great an extreme that the 
testes forsake the protection of the body cavity entirely arid come 
to hang outside in a sac of outpushed skin and muscle known as Lhe 
scrotum (Fig. 392). 

According to the degree of migration which the testes have 
undergone, animals in general may be separated into three groups 
as follows: first, those in which the testes remain within the confines 
of the body cavity; second, those in which there is a temporary 
descent during periods of sexual activity, followed by a withdrawal 
into the body cavity; and third, those with a permanent descent 
into the scrotum. To the first group belong all vertebrates below 
the mammals, and among mammals, monotremes, many insecti- 
vores, coneys, elephants, and whales. In the second group are 
many rodents, some insectivorcs, civet cats, otters, llamas, bats, 
camels, and certain apes. Those with a permanent descent of the 
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tesles after the fetal period, include marsupials, pinnipeds, most 
carnivores, ungulates, and primates. 

The testes lie within a cavity in the scrotum which is homologous 
with the body cavity of which it was originally a part. As a result 
of this peculiar development t here is a double layer of enwrapping 
peritoneum about the testes, one the parietal layer lining the scrotal 
cavity itself, and the other the visceral layer , or tunica vaginalis 
already mentioned, which is reflected over the surface of the testes 
in close contact with the tunica albuginea. 

The inguinal canal , a continuous passage-way between the body 
cavity and the scrotal sac, remains open in those mammals subject 
to a temporary descent of the testes. It is always pervious also in 
marsupials, although in other mammals having a permanent de¬ 


scent it. becomes closed. 

The wall of t he scrotum is essentially the same as the neighboring 
body wall except t hat the skin is more highly pigmented and has a 
looser subcutaneous layer, and a greater supply of smooth muscle 
cells than the skin of other parts of the body. 

In man the descent of the testes ordinarily occurs shortly before 
birth. Instances occur where the testes are abnormally retained 
within the body cavity, resulting in cryptorehism ( cryplos , hidden; 
orchis , testis), but this unusual state of affairs has a perfect expla¬ 
nation in the light of comparative anatomy. The tapir and rhinoc¬ 
eros have no pendulous scrotum, although the testes leave the body 
cavity and come to lie in pockets close under the skin. A similar 
anomalous condition is seen in some flatfishes (Pleuronectidae), 
in which not only the testes but. also the ovaries are crowded out 
of the cramped quarters of the body cavity and find a haven in 
pockets “extending backwards into a kind of concealed scrotum 
between the integument and muscles on each side above the anal 
fin.” (Owen). 

Why the testes of the highest vertebrates, with their precious 
contents, should push out the body wall into a scrotal sac and hang 
over the edge of the pelvic bones in so exposed a situation is not at 
once apparent. Certainly the outpushing of the body wall by the 
protruding testes leaves centers of structural weakness that entail 
liability to hernia and frequent attendant troubles. Studies by 
Moore and others seem to indicate that temperature as high as 
that normally maintained within the mammalian body is some¬ 
what detrimental to the functioning of spermatozoa. The descent 
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into the scrotal sac is a device whereby the testes are exposed to 
a lower temperature than that within the body cavity, thus favor¬ 
ing the development, of the sperm, in the case of animals having a 
temporary descent of the testes there is delayed development of 
the sperm while the testes are retained within the body cavity. 
This theory also accounts for the frequent slorilily that accom¬ 
panies cryptorehism. 

(/>) 0narics.- ()varies, like testes, are “glands” of double func¬ 
tion, producing cells, or ova , and endocrine secretions that are dis¬ 
tributed through the blood. They may be 
simply attached to the peritoneum, or encap- 
suled when they hang freely in the body cav¬ 
ity, being connected to the body wall by 
a mesomrium , homologous with the mesor- 
chium of the testes. They may also be em¬ 
bedded in the peritoneum, as in the rabbit 
and cat. 

Asymmetrical development of the ovaries 
appears in some elasmobranchs, particularly 
of the families Trvgonidae and Myliobatidae, 
where the right ovary is forced to make way 
for the intestine with its extra large bulky 
spiral valve. Some of the bony fishes, for 
example the perch Perea , and the curious 
little sand-lance Ammodylcs , show a fusion 
of the two ovaries into one, while in Mormy- 
rus oxyrhynclius of the Nile, and some others, only the left ovary 
develops. 

In birds also only a single ovary develops (Fig. 393), the left one 
being the one that is “left,” although a few r birds, such as owls, 
hawks, pigeons, and parrots sometimes show remains of the lost 
right ovary. 

The advantage resulting from the single ovary in birds may have 
to do with the drastic elimination of unnecessary ballast in adapta¬ 
tion to flight, or possibly with the safe manipulation of large eggs 
with breakable shells. Only a single oviduct remains when there is 
a single ovary, but, in the case of two ovaries and two oviducts it 
might well prove disastrous if two eggs with fragile breakable shells 
should approach the narrow exit side by side at the same time to be 
laid. 



Fic. 393.- Urogenital 
organs of a female hint, 
showing the single 
ovary from the dorsal 
side. (After Route.) 
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Ovaries of elasmobranchs, crocodiles, turtles, birds, and mam¬ 
mals are more or less solid in character, and the eggs that are em¬ 
bedded in them dehisce through the periphery directly into the 
body cavity to be picked up by tho open ends of Die oviducts. 

Amphibians, lizards, and snakes have saccular ovaries which are 
hollow within, but the eggs still break through the outer walls, 
arriving in the oviducts by the indirect coelomic route. 

The ovaries of leleost fishes, that are likewise hollow, form an 
apparent, exception. In this case the eggs collect, within the ovaries 
and pass directly into the oviduct, which is simply an elongation of 

the hollow ovary, without entering the 
body cavity at all. As a matter of fact 
the space within the ovaries of teleosts 
is actually a shut-olf portion of the orig¬ 
inal body cavity, as indicated by Figure 
JW1. The manner of origin from the em¬ 
bryonic genital ridge is shown, as well as 
the way the peritoneal folds enclose 
them, so that here again it may be said 
that the eggs are inducted into the body 
cavity on the way to the oviduct. 

The garpike, Lcpisoslciis , alone of the 
ganoid lishes follows the teleost plan. 
Other ganoids have “solid” ovaries, 
those of Amin and Polypi crus being long, 
irregular, and bandlike. 

During the breeding season the ova¬ 
ries of lishes become engorged with eggs 
and increase enormously in size, until they may equal as much as 
twenty-live or thirty per cent of the total body weight. 

The cavity of the saccular amphibian ovaries is lymphoid in 
character and is not comparable with that of teleosts from which 
it differs fundamentally in origin, its lumen having been hollowed 
out secondarily instead of representing a portion of imprisoned 
body cavity. 

In turtles the ovaries are symmetrically disposed, but asym¬ 
metry in position appears in lizards and becomes quite pronounced 
in snakes, with the right ovary placed in advance of the left. 

The ovaries of the duckbill, Ornithorhynchus, owing to the few 
large projecting eggs which they contain, are somewhat lobulated, 


Fit;. 304. Schematic rep¬ 
resentation of the closure l>v 
tin* wall of the coelome of 
t Ik* ovai y of a teleosl. 'the 
upper low represents sec¬ 
tions; lower row, surface 
view, f, peritoneal fold; 
o, ovary; d, terminal duel; 
v, veil Ira I side of sections. 
(After Haller.) 
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“resembling a bunch of grapes,” while those of most other mam¬ 
mals are relatively small, round, and smooth in contour, being 
enveloped in a dense layer of fibrous tissue, the tunica albuginea . 
Underneath this layer is the cortex , which is the general seat of the 
ova, while the interior tissue constitutes the medulla , or vascular 
region of the ovary. 

(r) Hermaphroditism-- By far the greatest number of all verte¬ 
brates are dioecious . that is, the ovaries and testes are borne by 
different individuals. There are a few instances, however, of 
hermaphroditism , when the two sexes (Hermes and Aphrodite) are 
combined in a single individual, a condition not uncommon among 
invertebrate's, that by reason of isolation or absence of locomotor 
organs need to overcome the dillicullies attendant, upon pairing. 
For example, the sea bass, Serranus scrihu , is regularly hermaphro¬ 
ditic and self-fertilizing, while another exceptional leleost, Chrys - 
ophrys aurulus , is reported as a prolaudrous hermaphrodite, being 


first male and afterwards female. 

The unpaired gonad of the hagfish Myjrine , appears at limes to 
produce sperm, and at other limes eggs, while the larval ammo- 
coeles form of the lamprey eel, ac cording to Lubosch, shows her¬ 
maphroditic gonads in twenty-live per cent of the cases. 

Occasional hermaphroditism has been observed in codlish, mack¬ 
erel, and herring among bony fishes, as well as in the Alpine newt, 
Triton , and in frogs and toads among amphibians. 

Instances of so-called human hermaphrodites, cited in medical 


literature, usually refer to abnormalities of the external genitalia 
rather than to functional gonads. It is extremely doubtful w hether 
there is any authentic case on record of a human being that has 
produced both eggs and sperm, since the evidence in supposed 
instances tends to be ext remely obscure'. 

(d) Gurnet agenesis .—The fertilized egg of any vertebrate, when 
ready to give rise to a new individual, is composed of germplasm 
laden with the hereditary potentialities of the species to which it 
belongs. By a succession of innumerable mitoses this original cell 
soon becomes a mass of daughter cells from which the somatoplasm, 
or the body of the individual, is elaborated. Somewhere early in the 
series of cell divisions there comes a parting of the ways between 
reserve germplasm and somatoplasm, whereby one of the two cells 
resulting from a mitotic division is set aside to carry on the tradi¬ 
tions of the race, while the other continues in the service of the 
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developing individual (Fig. 387). Each of these two kinds of an¬ 
cestral cells, particularly that of the somatoplasmic line, undergoes 
countless subsequent mitoses, with the result that the two lines 
come to differ fundamentally according to the purpose for which 
they are destined. 

The germplasmal cells find sanctuary in the gonads where they 
remain practically unchanged until puberty, that is, until the time 
when the individual that holds them in trust arrives at sexual 
maturity. They then awaken into activity, following the prolonged 
dormant period, and by a series of transforming changes become 
mature sperm and eggs, Jit for union into a zygote or fertilized egg. 
This process of preparation is called gametogenesis (gamete, marry¬ 
ing cell; genesis , origin). 

The essential process in the final differentiation of the sexual 
germ cells is the elimination of half of the chromosomal material 
bearing the hereditary potentialities from the nucleus of the egg or 
sperm, so that upon the union of the two germ cells the number of 
chromosomal units proper and characteristic for the species in 
question will be restored. If this reduction of the chromosomes did 
not occur before the fertilization of the egg, there would be a 
doubling of chromosomes in each generation which would inevi¬ 
tably upset the necessary machinery of mitosis. 

The transformation of spermatogonia, or primordial sperm cells, 
into mature locomotor sperm having half the original chromosomal 
contents occurs within the testes in the walls of the tubuli con- 
lorti (Fig. 389), the origin of which must be sought in the embryo. 

The embryonic, genital ridge on either side between the meso¬ 
nephros and the mesentery within the body cavity is composed of a 
mass of mesodermal cells that form the testis. The cells on the 


outside of this testicular mass facing the body cavity are arranged 
in a layer of epithelium which becomes invaded by the primordial 
germ cells. 

By repeated mitoses of cells in this superficial layer, cordlike 
cellular masses push down into the undifferentiated cell mass of 
the testes. These solid cellular strands later become hollowed out 
and enormously elongated to form the different tubuli of the testes, 
in the walls of which are lodged the spermatogonia. 

The ovary develops from the genital ridge in the female with a 
similar outer stratification of epithelium in which are certain germ¬ 
plasmal cells that in mammals proceed to proliferate down into 
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the substance of the ovary as cellular masses, called Pfliiger's cords 
(Fig. 395). These cords, however, do not hollow out in the manner 




tht* o\ary is indicated by the successive, numbers 1 VI. (Alter Houle.) 


of the corresponding structures in the testes, but instead form 
follicles. Each follicle is characterized by the presence of a central 
primary cell, or ovum, surrounded by numerous follicular cells, 
which later may be sacrificed as 
nutriment for the cannibalistic 
egg cell within. 

In mammals the follicular 
mass, or Graafian follicle, be¬ 
comes hollowed out and filled 
with fluid so that the developing 
ovum is practically surrounded 
by a double wall of follicular 
cells, like a lighthouse on a pen¬ 
insular that projects into an in¬ 
land sea. 

The Graafian follicle migrates 
position and gradually crowds to the surface of the ovary where 
it bulges out as the fluid-filled cavity increases in size. Eventually 
the wall of the follicle ruptures and the egg is extruded into the 
body cavity. 



Fig. 396. —Ovary of a girl 19 years 
old, who died suddenly eight days 
after menstruation, showing the 
corpus haernorrhayicurn. (Allor koll- 
rnaiin. From Anatomical Collection 
in Rase!.) 

as a whole from its embedded 
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The cavity of t he ruptured Graafian follicle immediately becomes 
filled with a blood clot., the corpus haemorrhaginim (Fig. 396), 
which in turn is gradually invaded and replaced by peculiar yellow 
lutein cells , making the corpus luleuni. This periodically recurring 
mass of cells has an important endocrine function, that will be 
referred to again in t he following chapter. 

Kvenlually the corpus luleum is obliterated by an invasion of 
connective tissue, leaving a sear on the surface of the ovary, the 
corpus albicans , which is all that remains to tell the story of the 
origin of a mammalian egg. Successive phases of the development 
and rupture, of the Graafian follicle in the mammalian ovary are 
shown in Figure 1 36F>. 

The process of t he elimination of half of t he chromatin material 
in the egg (maturation) w hereby it is made ready to receive a sperm 
in fertilization has been described in Chapter VI. 


2 . DUCTS 

(a) Disposal of Gametes.—T\w body cavity may be regarded as 
an expanded gonadal sac, since the sex cells come to maturity on its 
inner wall and are shed into it. 

There are at least three general ways among vertebrates by 
which the mature gametes finally escape to the outside, namely, 
(1) through pores in the body wall, no ducts being present; (2) 
through duels continuous with the gonads; and (3) through ducts 
not continuous with the gonads and for the most part taken over 
from the mesonephridial apparatus. 

The first of these avenues of escape is seen in amphioxus, whose 
gametes are extruded into the peribranehial chamber and thence 
out through the atrial pore. Jn some eyclostomes also, which re¬ 
ceive eggs and sperm into the body cavity, abdominal pores 
furnish an exit through the posterior part of the body wall into the 
urogenital sinus behind the anus (Fig. 366). These pores are usually 
paired but may, as in Pelromyzon , present a single opening through 
a projecting papilla. The method of disposal of sex cells through 
abdominal pores is also utilized by Amin and Lepisosleus among the 
ganoids, as well as a few teleost fishes, for example, the smelt 
Osmerus , and the salmon Salmo . Here, however, it is evidently a 
degenerate condition, for two short imperfect ducts, uniting at a 
single abdominal pore, extend a short distance into the body 
cavity as a papilla. 
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Teleost fishes employ the second method of germ-cell disposal, 
that is by means of direct ducts that are continuous with the 
gonads (Fig. 394). In these animals the sex cells never enter the 
main body cavity but pass out directly through ducts formed by 
an elongation of the hollow gonads, or by peritoneal folds that 
make ducts which entirely invest the gonads. In most rases the sex 
duels join posteriorly with the urinary ducts and open behind the 
anus. 

The third method, that of indirect ducts, is by far the most 
common. In elasmobranchs, dipnoans, amphibians, reptiles, birds, 
and monotrernes the ducts open into a cloaca (Fig. 375), but in 
mammals other than monotrernes, directly to the outside (Fig. 379). 
(ienerally in this third group the sperm, never entering the body 
cavity at all, reach the sperm duct indirectly after passing through 
the long convoluted tubules of the epididymis, while the eggs 
alwavs enter the body cavil> from the ovary and are then picked 
up by tho open ends of the unconnected oviducts for transference 
to the outside. Among mammals, therefore, so far as the egg is 
concerned, life literally begins with a jump, that is through the 
body cavity across the gap separating ovary from oviduct. There 
is, therefore, a fundamental difference in the disposal of the germ 
cells of the two sexes. 


(b) Ori(jin of flic Genital Duels. Exclusive of the teleosts there 
is an intimate relation, particularly in the male, between the ducts 
that dispose of the sexual products and the mesonephridial system. 
It will be remembered that the pronephric, or segmental, ducts of 
the pronephroi remain after the pronephridia have been replaced 
by mesonephridia, to become the mesonephric, or Wolffian duds 
(Fig. 375). These ducts not only drain the mesonephros, but in the 
case of male elasmobranchs and amphibians they also serve as 
sperm ducts, for which reason they are properly designated as 
urogenital duds. 

.The connection of the urogenital ducts with the testes is accom¬ 
plished through the mesonephridia of the anterior part of the 
mesonephros, known as the “sexual kidney," or epididymis , as dis¬ 
tinguished from the posterior part, or “urinary kidney.” 

In male reptiles, birds, and mammals only the sexual kidney 
remains functional as the epididymis, while the urinary part of the 
mesonephros, being replaced by the permanent kidney, or meta- 
nephros, becomes degenerate (Fig. 379). The Wolffian ducts, 
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however, persist as sperm ducts exclusively in the guise of the 
ducluli defe rentes, or rasa deferenti,a, while the urinary products 
of the inetanephros are disposed of through the independently 
formed ureters. 

The oviducts are less directly related to the mesonephridial 
apparatus. Karly in embryonic life a second duct, the Mullerian 
duct, appears alongside the Wolllian duct (Fig. 375). This becomes 
the oviduct. It may form by longitudinal splitting of I he Wolllian 
duct, as in elasmobranclis and some amphibians, or it may develop 
parallel to I lie Wolllian duct out of surrounding tissues either us a 
groove in the peritoneum that becomes closed off, or as a solid 
strand of cells that afterwards becomes hollowed out. 

The open distal end of the Mullerian duct, the ostium abdominale , 
in the (‘use of elasmobranclis and some amphibians is probably 
derived from a persistent mesonephridium that, has attained em¬ 
bryonic. connection with if (Fig. 376, B). Thus, the ostium ab¬ 
dominale, into which the ova from the body cavity are transferred, 
is homologous with the nephrostome of a nephridium that an¬ 
cestrally served to drain the body cavity of fluids of excretion. 
There is no connection in other vertebrates, either in the male or 
in the female, bid ween the embryonic Mullerian duct and the 
urinary apparatus. In mammals the Mullerian duct gives rise not 
only to the Fallopian lubes but also to t he uterus and vagina. Miil- 
leriau ducts are also present embryonically in the male, but. in the 
adult t hey suiter various degrees of degeneration. 

The lunglish, IXrace ra tod us , and the newt. Triion , as well as the 
leopard frog, liana pipiens, are exceptional cases, showing persist¬ 
ent Mullerian ducts in the adult males. 

(c) Sperm Duels. - After leaving the walls of the lubuli contorti 
in which they are originally embedded, t he sperm cells pass through 
the lubuli recti and the rele testis, emerging into the epididymis 
(Fig. 391). This latter is essentially an organ made up of several 
ductuli. efferentes and a very much coiled part, of the Wolflian 
duct, the ductus epididymidis. In reptiles the epididymis is some¬ 
times even larger than the testis itself. 

The ductuli efferentes in the epididymis are transformed meso- 
nephridia which have lost their glomeruli and acquired a secondary 
connection with the rete testis through the so-called junctional 
cords of* cells that later become hollowed out, making a continuous 
passage-way from the tubuli contorti in the testis to the outside. 
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In man the ductuli efferentes, of which there are from nine to 
fifteen in each epididymis, are very much coiled and together form 
the globus major of the epididymis. They still empty into the end 
of the Wolffian duct as they did before being converted from meso- 
nephridia into ductuli efferentes and transferred to the service of 
the reproductive system. The sexual end of the Wolffian duct is 
also greatly convoluted and constitutes a mass known as the globus 
minor of the epididymis. From the globus minor the Wolffian duct 
emerges as the ductus deferens. The entire Wolffian 
duct in man, according to Lewis, is about twenty 
feet in length if straightened out. When the in¬ 
finitesimal size of the human sperm cell is taken 
into consideration, its journey to the outside 
world from ils point of origin in the testis is a 
comparatively extensive one. 

Near the larger open end of the Wolffian duct 
there is usually a saccular expansion called the 
seminal reside (Fig. 381), which, although glandu¬ 
lar in character, frequently serves the purpose of 
a temporary storage place for the traveling sperm, 
as its name would indicate. 

Jn mammals the urethra joins the ductus de¬ 
ferens beyond the point'where the seminal vesicle 
opens into it, so that the end of the sperm duct, in 
an amniole, like the entire duct in the males of elasmobranchs 
and some amphibians, is urogenital in character, serving the 
double function of disposing of both sperm and urine. 

Thai part of the ductus deferens between the seminal vesicle and 
the point of junction of the ductus deferens and urethra is termed 
the ejaculatory duel (Fig. 388). Its muscular walls by peristaltic 
action evacuate the sperm. 

(d) Oviducts. — Kmbryonioally the oviducts are Mullerian ducts 
which arise, as already described, either by splitting off from the 
Wolffian duct; or independently of the nephridial apparatus by 
the closing over of a peritoneal groove; or else by the hollowing- 
out of a cord of cells lying parallel to the Wolffian ducts. 

Excepting in teleosts each oviduct opens freely into the body 
cavity by an ostium abdominale (Fig. 397). These open ends of the 
Fallopian tubes may be located in some cases at a considerable 
distance from the ovary itself and the point where the eggs dehisce. 



I Jrogonital ap¬ 
paratus of a fe¬ 
male reptile. 
(Alter Houle.) 
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or they may be close around t he ovary as in mankind, so that, while 
the eggs theoretically pass through the body cavity, there is little 
chance that they may escape therein and miss the openings into 
the Fallopian tubes. Once within the oviduct the eggs are for¬ 
warded by peristalsis of the muscular walls. 

Jn the exceptional teleosts there is an organic unity between 
ovary and oviduct, entirely preventing an excursion of the egg into 
the body cavity. In some carnivores, such as the walrus and seal, 

I he ovary becomes so encapsuled 
within the lips of (he ostium ab- 
dominate, that it superficially re- 
" sembles the condition in teleosts. 

Some elasmobranehs and mar¬ 
supials have the open inner ends 
of the two oviducts fused to- 

Ftg. :m -Urogenital apparatus of gether, forming a single ostium. 

a female amphibian, showing much Fusion at the cloaeal ends of the 

convoluted oviducts. (\Her Route) , • i . i 

two oviducts, however, is more 

common. Tt usually occurs in teleosts and certain Salientia as well 

as quite generally among the mammals. 

In t hose animals that produce many eggs at one time, as the frog 
for example, the oviducts temporarily become enormously elon¬ 
gated and convoluted during the egg-laying season (Fig. !W8). The 
oviduct- of a pullet which has not begun to lay eggs is about six 
or seven inches in length, whereas in an egg-laying hen it is four 
times as long. 

Among higher vertebrates the ov iducts are made up of Fallopian 
tubes for the reception of the eggs from the ovaries, and nearer 
their exit they undergo extensive elaboration into uterus and 
vagina, a modification to be considered later. 



3. APPARATI S FOR EFFECTING FERTILIZATION 

(a) Fertilization of Animals and Plants Contrasted. - Fertilization, 
or the union of egg and sperm, initiates the life history though not 
the life of a new individual. 

Among plants the traveling male gamete, carried in the pollen 
cell oil its way to the female gamete in the ovule , usually takes the 
air route., or steals a ride oil some accommodating insect that acts 
the pari of match-maker. 

Such methods are not employed in the fertilization of the eggs of 
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animals. The sperm cell in the case of all vertebrates goes forward 
in its search for the ovum by means of a vibratile tail that requires 
a fluid medium in which to travel. 

Naturally the problem is least complicated in the case of those 
vertebrates that lind themselves in water when the germ cells are 
expelled from the body, since a suitable medium for the locomotion 
of the sperm is ready at hand. When, in the course of evolulion, 
emergence on land took place, the reproductive apparatus had to 
be greatly supplemented in order to bring egg and sperm together 
for the purpose of fertilization. It is evident that the sperm of 
non-aquatic animals must encounter the eggs while they are still 
in the body of the female, since sperm cells cannot locomote 
through the air. This necessitates the pairing of the sexes by ac¬ 
tual contact, so that the sperm may be definitely placed within the 
oviduct, rather than by the promiscuous broadcasting of germ 
cells in the surrounding medium followed by chance union, as in 
aquatic vertebrates. Moreover, a fluid, indispensable for the lash¬ 
ing tails of the locomotor sperm cells, must be elaborated from 
special glands provided for the purpose in order that the distance 
within the oviducts between the entering sperm and the descending 
ovum may be successfully covered. 

Whenever internal fertilization occurs, the egg is thereafter 
either provided with a protective shell and laid, to be subse¬ 
quently incubated and hatched (oviparous animals), or it under¬ 
goes its preliminary development within the sheltering walls of 
the female body before venturing alive into the world (viviparous 
animals ). 

To insure the placement of the sperm within the oviduct, var¬ 
ious holdfast mechanisms, as well as organs of copulation, have 
been evolved in different animals. 

(b) Holdfast Mechanisms.-- The amphibians, which are halfw r ay 
land animals, have been so occupied with adapting themselves to a 
dual existence that apparently they have not been able to accom¬ 
plish much in an evolutionary way for their accessory reproductive 
apparatus. The result is that for the most part they return to the 
water during the breeding season, where fluid for the locomotion 
of the sperm cells is freely provided, and there is no necessity for 
elaborating organs to accomplish internal fertilization. 

Amphibians do, however, improve upon the improvident and 
wasteful ways of fishes, with their countless eggs and unthinkable 
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numbers of sperm. For example, frogs practice amplexation during 
lhe breeding season (Fig. 31, B), that is the male frog saddles 
himself on to the back of the female, whose body, unfettered by 
hooplike ribs, becomes more and more swollen by the increasing 
mass of eggs within. The male retains his grasp upon the slippery 
back of the female by means of temporarily roughened glandular 
swollen thumbs (Fig. 130), which are inserted under the armpits 
of the female and act as holdfasts, lie remains in amplexation un¬ 
til the female extrudes the eggs, when he immediately sheds the 
sperm over I hem. In this way the hazards and uncertainties of 
distance between the germ (‘ells of the two sexes are greatly 
lessened. 


The hvlas, or tree frogs, and the “obstetric frog" Alyles , of 
Europe, do not ordinarily resort to the water to breed, but Kam- 
merer reports that who?) Alyles is compelled to breed in water, 
amplexation occurs and the thumbs of the male become swollen 
and roughened as in other frogs. 

Many male lizards possess a row of peculiar porthole-like 
“glands" down the inner surface of the hind legs (Fig. 131). These 
femoral structures are not true glands, producing a liquid secre¬ 
tion. Instead they extrude a dry scaly substance that roughens 
the surface of the legs so that when the male lizard in mating 
grasps the female between his hind legs, the security of his grip is 
insured. 

Snakes coil around each other in the mating embrace. The male 
boa-const riel or, according to Boas, is supplied with anal hooks that 
aid in holding together the eloacas of the two sexes during tlie 
transfer of sperm to the female. 

Among higher vertebrates, organs already present but not es¬ 
pecially evolved to accomplish the holdfast function in reproduc¬ 
tion are utilized for this purpose. Thus, the cock when treading a 
lien employs his beak and claws. In animals like ruminants, where 
holdfast organs would be difficult to imagine, the sexual act is 
usually accomplished very quickly, as in ihe case of the tumultous 
and almost instantaneous leaf) of the stag. Camels solve their 
copulation difficulties by assuming a sitting-down posture. 

(r) 1 laic (hpulalory Organs.- Copulation consists of the intro¬ 
duction of a male copula!orv organ, the penis , in which the sperm 
duct terminates, into the enlarged end of the oviduct, or vagina . 
The discharge of the sperm cells under these circumstances makes 
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certain their placement in the immediate vicinity of the 
to he fertilized. 

It is to he expected that the apparatus for copulation in the ag¬ 
gressive male with sperm cells to deliver should he more elabo- 
rated than that of the recep¬ 
tive female, and such is the 
case. 

Not all the organs for copu¬ 
lation among vertebrates are 
homologous. Thus, male das- 
mobranehs of many species 
possess a pair of “elaspers,” 
one on each side of the cloaca. Fir.. 399.— Cloucnl n -ion of (A) male 

which are modifications of the and (KMcmatc dollish, showing the 

i-i . o .i i • n clasners of the male. (After JumnicO 
medial parts ot the pelvic fins 

(Pig. 399, A). In these animals, whose young are “horn alive” 
in an advanced stage of development, copulation and internal 
fertilization are effected by the aid of these elaspers which are 
inserted into the cloaca of the female and serve to direct the 

sperm along their grooved inner 
margins into 1 he oviducts 

(Pig. 100). 

Hardy a similar contrivance 
is found among tdeosls, that 
serves as an intromit!,enl organ. 
This is formed sometimes out 
of the ventral or anal tin, as in 



Fig. 400.- Dogfish in copulation. 
(After Jlolmi.) 


the strange Brazilian bony lish, (Hrardinus, and sometimes from 
the metamorphosed haemal spine of a caudal vertebra. 

It is with land life, however, that the evolution of internal fer¬ 
tilization and attendant copulalory mechanisms really begins, al¬ 
though none of the amphibians have a penis, with the possible ex¬ 
ception of the footless caecilians. Jn these tropic amphibians, which 
have taken to land life in damp situations, the walls of the male 
cloaca during copulation are everted into the cloaca of the female, 
thus serving as an intromit tent, device. 

Internal fertilization without the assistance of copulatory or¬ 
gans is accomplished among certain caudates, Triturus , Arribys- 
torna , Triton, and the viviparous Salamandra (lira of Alpine 
streams, by a very different method. The males during the 
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breeding season deposit their sperm in small compact packets or 
sfjermutophores , surrounded by a protective gelatinous mass, while 
the females follow after the males as the spermatophores are pro- 



Scr / 


Fig. 401.—Stages in the (‘volution of the penis. A, tortoise; B, spiny ant- 
eater; C, kangaroo; 1), man. an., anus; hi., bladder; el., cloaca; cl.o., eloacal 
opening; Cow.gl., Gowper’s glands; cr.tis., erectile tissue; gl., glans; phal.gr., 
phallic groove; phal can., phallic canal; rcc., rectum; u.g.sin., urogenital sinus; 
ur., ureter; W.d., Wolllian duct; scr., scrotum. (After Keith.) 

dueed, picking them up, even when deposited on land as sometimes 
occurs, with their eloacal lips. 

Among modern reptiles two types of penes have been evolved. 
First, among lizards and snakes, double eloacal organs are found, 
which may be everted somewhat, after the manner employed by 
caecilians. Each hemipenis has a spiral groove along its medial 
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surface for the conveyance of the sperm. Second, turtles (Fig. 
401, A) and crocodiles have a single penis, lying along the ventral 
wall of the cloaca, slightly protrusible and supplied with erectile 
tissue, dorsally grooved along its length. During copulation this 
groove is made into a temporary canal by its contact with the 
upper dorsal wall of the cloaca. 

The single penis of I he crocodiles is formed of two component 
parts suggesting a double origin. In turtles the size of the penis 
bears a direct relation to the dilliculties 
encountered in copulation because of the 
awkward shell. It is smaller in marine 
turtles having a Hat toned or incomplete 
plastron, than in fresh-water or land forms 
with a more complete and overarching 
shell. 

Among birds there is no true copula¬ 
tion, but impregnation by the method of 
the cloaeal kiss is the general rule. There 
are, however, a few birds, notably os¬ 
triches and other ralitates, certain ducks, 
and the South American “tinamou," 
which have well-developed penes, resem¬ 
bling those of crocodiles.- 

The penis in all mammals, with the exception of monotremes 
(Fig. 101, H), is a closed lube and not a grooved structure as in 
reptiles. Intermediate forms between reptiles and mammals are not 
known. It is typically a lurgescent organ under the control of 
vaso-dilator nerves which arise as autonomic, libers in the sacral 
region of the spinal cord, and is composed of two masses of erectile 
tissue side by side, the corpora cavernosa , with a I bird similar mass, 
the corpus spongiosum beneath them, held together by librous tis¬ 
sue and enveloped by a layer of loose skin. The corpus spongiosum 
is perforated for its entire length by the urethra. Consequently 
the urethra is considerably longer in the male than in the corre¬ 
sponding female. It terminates in an enlargement of the penis, 
called the glans (Fig. 388), which is split in marsupials where the 
female has a double vagina. 

In some animals, for example the guinea pig and wombat, the 
glans is beset with horny recurrent spines or corneal scales that 
stimulate the female during copulation, although in most cases 


B ^ 
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Fm. 402. —A, distal end 
i‘ ram's penis, showing 
glans and filiform appen¬ 
dage. H, distal end of 
hull’s penis, showing glans 
and wethral papilla, rep¬ 
resenting vestigial filiform 
appendage. In holh eases 
tin* prepare is folded hack. 
(After Marshall.) 
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I he skin extending over the surface of the glans is extremely sensi¬ 
tive and delicate without any hard corneal layer. Ruminants, 
cetaceans, cats, and some rodents are exceptional in that there is 
no glans present, while sheep, goats, and many antelopes possess a 
peculiar threadlike elongation of the sperm duct beyond the end 
of the penis itself, called the processus urethral is (Fig. 102). 

Among higher animals the glans is enveloped in a double fold of 
retractile skin, the prepuli,uni (Fig. 388). This is present only in 
forms with a pendant penis and is homologous with the sheath in 
which the penis is withdrawn in many animals such as ungulates. 

Jn several kinds of mammals, namely, marsupials, cetaceans, 
moles, carnivores, rodents, bats, seals, lemurs, monkeys, and some 
apes, there is present in various degrees of development, lying in 
the connective tissue between the two corpora cavernosa and 
above the urethra, a penis bone, aspriapi\ which increases the rigid¬ 
ity of the organ which in most cases is attained by temporary tur* 
giditv caused by an influx of blood. 

Among mammals the obliteration of the cloaca goes hand in 
hand with the evolution of the penis, or phallus (Fig. 401). In 
inonotremes a cloaca is still present, and the small i ion-protrusible 
penis is enclosed in a sac between the urogenital sinus and the 
cloaca itself. It is a fibrous, slightly erectile structure of double 
origin, with a groove between the two parts that is converted into 
a canal except posteriorly where the urogenital and cloaeal pas¬ 
sages still connect with each other. Instead of terminating in a 
bladder with a urethral outlet for the urine, the ureters empty 
directly into the cloaca, the penis being utilized solely for the con¬ 
duction of the sperm. 

The marsupial penis, with the reduction of the cloaca, becomes 
an external erectile structure directed backward, through which 
both urine and sperm have common passage-way, as in all higher 
mammals. The scrotum containing the testes is located anterior to 
the penis. The distance between the penis and the anus is so slight 
in these animals that both penis and anus are enclosed together 
within a common muscular sphincter. The opossum Didelphys , 
the bandicoot Perameles , and some other species, have a bifurcate 
glans that is probably correlated with the double vagina in the 
females of these forms. 

Among placental mammals the penis is in front of the scrotal 
sac and usually withdrawn within a protective sheath, except 
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during sexual activity. In most cases it is directed forward and, 
when no sheath is present, is pendulous, as in bats and man. Jn 
monkeys and apes it is partly pendulous and partly ensheathed. 
In cats and rodents it is directed backward, except during copula¬ 
tion, so that these animals micturate posteriorly. Armadillos, 
handicapped by their awkward armor, have a relatively enormous 
penis which may extend as much as one third of the length of the 
body during copulation. 

(//) Female (lenifalia — The female genitalia concerned in copu¬ 
lation, aside from certain glands and the rudimentary clitoris , are 
the vagina, vestibule, hymen, and 
the labia minora and majora (Fig. 

403). All of these structures are 
differentiated to a point compa¬ 
rable w ith the degree of evolution 
attained by the copulatory organs 
of the corresponding males, reach¬ 
ing their maximum in the pri¬ 
mates. 

The vagina is that part of the 
oviduct adapted to receive the 
penis. It. is absent in I lie mono- 
Iremes where the cloaca.serves the 
same purpose. 1 11 the opossum, M.m. 

Didelphys , and other marsupials. Fig. 405. Diagram of human fe- 

there are two distinct vaginas mal(»reproductive‘organs, o, ovary; 

, . , , , , . . . g.f., (iraatian follicle, containing an 

which barelv coalesce into.one at. * viml . ,. orpus par . 

the ouler entrance, while in some ovHriiiin,f.,riinhriat.edcn(i<>fFallo- 
other marsupials there is a coales- P' mi nibe; i.i., fallopian lube; 

ceucc at the inner ends from which |j(wus . 0 . ( ,. () , „ Tvix; v „. vaK ; na; 

a median diverticulum, or third b.. b vmen; ur.op., urethral opening; 

vagina, extends outward as a blind v - nJvu; I)., labia rninora, or nym- 

ii , . , . , phn»: l.m., labia majora. (After 

alley hct.wc.cn the two lateral va- * anfl 

ginas (Fig. 101). Whenever a fetus 

becomes deposited in this closed middle vagina instead of in one 



of the two lateral open passage-ways, there must be a rupture at 
birth al the blind end of the middle vagina to allow for the ex¬ 
pulsion of the young. 

In placental mammals the outer ends of the two oviducts fuse 
together to form a single vagina (Fig. 105), located between the 
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rectum dorsally and the urethra ventrally. It is lined with mucous 
membrane, frequently crossed by transverse rugae, particularly in 


ovjduct 


Ovary' 

uterus'' 


ureter- 


young individuals. The vaginal mucosa 
is without glands, the mucous that is 
present coming from the walls of the 
uterus which is continuous higher up with 
-va^na the vagina. The walls of the vagina are 
muscular and collapsible, and the mus¬ 
cular fibers near the external orifice form 
a sphincter. 

The outer part of the vagina consti¬ 
tutes the vestibule , which is separated 
from the vagina proper by a temporary 
fold of mucous membrane, more or less 
complete, called the hymen. This is the 
real end of the embryonic Mullerian duct, 
and it partially occludes the passage-way, particularly before 
copulation has taken place. Originally in all mammals, the hymen 
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-genital 

fcmus 


Fig. 404.—Female sexual 
apparatus of kangaroo, 
showing the double vagina. 
(After Gegenhniir.) 


-kidney 


urachus 


persists in bears, seals, hyaenas, and 
most apes, but is present only in the 
young of the horse, pig, and mole. 

The walls of the vestibule are supplied 
with erectile tissue which at Limes be¬ 
comes surcharged with blood. In pri¬ 
mates generally around the vestibule on 
either side are two folds of skin, l he 
labia minora , while in the higher pri¬ 
mates there are in addition two external 
folds covered outwardly with pubic hair 
and supplied with a certain amount of 
fatty tissue, the labia majora. There is 
also a pad of adipose tissue above the 
vestibular orifice at the edge of the pubic 
bones that is likewise covered with hair, called the mons Veneris , 
which is belter developed in the human females of civilized races 
than in those of more primitive types. The female bushman 
is remarkable for the hypertrophy of the labia minora, as well as 
for the enlarged posterior gluteal muscles, resulting in enormously 
prominent buttocks, or the condition described as steatopygy 
(Fig. 406). 



bladder 
.urethra 

Fig. 405.—Urogenital ap¬ 
paratus of female mammal. 
(After Houle.) 
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The clitoris in the female is homologous with the penis in the 
male. It is situated above the vestibular opening between the folds 
of the labia minora and consists of two corpora cavernosa that are 
erectile, but there is no corpus spongiosum present, and the clitoris 
is not traversed by the urethra like the male penis, except in a 
few rodents, insectivores, and lemurs. In this latter case the urethra 
is not a urogenital canal, as in the penis, but is 
exclusively for the transmission of urine. An im¬ 
perforate clitoris is present in turtles, crocodiles, 
and a few exceptional birds whose males possess a 
penis. There is even a clitoris bone in certain 
mammalian species that corresponds to the os 
priapi of the male. The clitoris, which is rela¬ 
tively large in monkeys, being six to seven cen¬ 
timeters long in the young spider monkey. Aides , 
is comparatively small and degenerate in the 
human female. 

4. ACCESSORY GLANDS 



Fui. 406. Fe- 


Associaled with the reproductive apparatus 
are various glands which (1) provide a fluid me¬ 
dium for the locomotion of the sperm cells; (2) Australian 
r •I*. . , .. . , • r . .. busliman, show- 

facilitate copulation by reducing Iriction; (.5) pro- ; llf r sieatopygy. 

duce odors that are alluring to the opposite sex; (From Martin al¬ 
and (1) furnish nutriment for the developing ! <T " P l,0,( >P ru Ph 
r r i , , x t»v Srluilzo.) 

young, lhese glands may be grouped according 

to their place of origin into those (1) in the sperm duct or 
oviduct; (2) in the urogenital canal; or (3) in the integument. 

(a) Originating in the Sperm Dud or Oviduct. - In many cases, 
for example in ruminants, most, rodents, dogs, bears, martens, and 
shrews, the outer end of the sperm duct enlarges into an “ampulla,” 
which serves as a temporary reservoir for the sperm. This is lined 
wit h ampullar glands that secrete mucus. Such glands arc absent 
in the cat, mole, European hedgehog Erinuceas , and pig. At the 
end of the sperm duct in most mammals there is also a pair of 
saclike seminal vesicles (Fig. 407), lined with mucous glands. In 
general these vesicles have a glandular rather than a storage func¬ 
tion, although sperm cells are frequently found therein. In the 
case of bats and some mice, the seminal vesicles enable these ani¬ 
mals to exercise a sort of “birth control,” in that after copulation 
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the mucus that they produce forms a gummy plug which fills the 
entrance to the uterus and prevents for a considerable time subse¬ 
quent impregnation. There are no seminal vesicles in monotremes, 

marsupials, cetaceans, or carnivores, 
in man they appear first about the 
end of the third month of fetal life. 
In the human female there are 
.sem ves present at least t hree sorts of glands, 
namely, uterine, cervical, and vestib¬ 
ular, associated wilh corresponding 
regions of the oviduct. 



kid. 


ur 


bl 


.pros <}■ The uterine glands are tubular 

structures lining the uterus. They 

.u-oain have to do with the epithelial re- 

cor cav generation of I he uterine walls dur- 

Cow 9 f ‘ iiig mens!rualion, rather than with 

^ ^ glandular secretion. 

pr€p The much branched cervical glands, 

pCn which surround the neck and mouth 

Fig. 407. Urogenital appmalns of the uterus, produce mucus which 
of a lutnisl.-i, Crurln,. 1,1.. Irfml- lnoist(Mls ,| 10 j m »er slir f ;u -0 of UlC 
der; mrra\., rorporci ea\«Tiiosa; . 

Cow.gL, ( low per’s glands; ( glandless vagina, while tlie scattered 

epididymis; kid., kidne\; p<‘ii, vestibular glands, located ill the ves- 

penis; prep. ; prepuce: pros g |il)U | 0 no / ir ,| l0 r |j| or is and around 
prostate gland; sein.vcs. seminal 

vesicle; iis., tesiis; Tv.gk, Tv- I* 1 * 1 nutlet ol the urethra, periorrn 
son’s glands; n.g.sin., urogenital a similar function, 
sinus ur.. urW.-r, vus tlcf, <lu<- (h) ( )r j Q ; nil lj ni/ f mm /)„, J 

tus delerens. (Aller (lOgenhanr.) ' / ' , , c ,* 

Ini Canal.- I he glands ol the uro¬ 


genital canal are the prostate, in the male, and the urethral glands, 
which appear in both sexes. 

The prostate gland (Fig. 388), in man at least, is the most impor¬ 
tant of all the accessory reproductive glands. It is a compound 
tubulo-alveolar gland about the size of a horse-chestnut, made up 
of thirty to fifty lobules and opening into the urethra by means 
of two large and fifteen to thirty lesser duels. It is embedded in 
connective tissue and abundantly supplied wilh blood, nerves, 
lymph, and more smooth muscle cells than any other accessory 
reproductive gland. It, surrounds the base of the urethra at the 
point where that duct leaves the bladder, and is enclosed in a tough 
capsule. 
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The secretion produced by the prostate gland, forming a large 
part of the semen , or spermatic fluid, is a thin milky emulsion, 
faintly acid, with a characteristic odor. The prostate gland is 
well developed in rodents, bats, perissodactyls, primates, and most 
carnivores. Jt is less well developed in ruminants, and is absent 
in monotremes, marsupials, edentates, and among carnivores, in 
the marten, otter, and badger, in man the prostate gland fre¬ 
quently becomes hypertrophied in old age and may deposit con¬ 
cretions of calcium phosphate, causing trouble by pressure upon 
the urethra which if envelops. 

Th n urethral glands are of two soils. First, mucous glands, 
called glands of Lillre, in the male along the urethra, that are most 
numerous in the dorsal region of the urelhral wall along I he penile 
part of its course'; and second, paired “hulbo-urethral” glands, 
e alled Cowpers glands in I he male and Harlholinis glands in the 
female. 

Cowper's glands are two small structures about I he size, of peas 
in the human mule, with duels an inch and a half long opening 
into the urethra at the base of the penis. They produce a clear 
glairy mucus during sexual excitement which protects the sperm 
against traces of acid that may be present. Hears, dogs, and aquatic 
mammals lack temper's glands, bul in other mammals they a re 
quite generally present, being especially large and active in rodents, 
elephants, pigs, camels, and horses. They are the only accessory 
reproductive glands in the male lu-hidna. 

Corresponding to Cowper’s glands of the male, are the glands of 
Harlholini in tin 1 female, that open into I lie vestibule in the groove 
on either side between the hymen and the labia minora. They pro¬ 
duce mucus which functions largely as a lubricant during copula- 
lion. 

In the formation of the semen it has been shown that the first 
contributions conn' from Cowper's glands and the glands of Liftrc, 
followed by the secretion of the prostate gland before the sperm 
from the ductus deferens are added, while the final glandular con¬ 
tribution is from the seminal vesicles. 

(v) Originating in the Integument. Narious odoriferous glands 
of integumentary origin, named in dillerenl cases anal , inguinal , 
perinaeaU and doacal glands, occur among vertebrates. r l hese are 
usually located around the anus or genital aperture and serve to 
stimulate the opposite sex. idle famous scent glands of skunks 
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belong to this category, as do also the anal glands of dogs, which are 
well known to be of paramount importance in the social life of 
these animals. 

Tyson's glands are small sebaceous glands that are situated 
around the base of the glans on the penis in the depths of the 
preputial fold of skin. They also produce an odorous substance 
called smegma. 

The male alligator has submaxillary glands at the edge of the 
lower jaw on either side, which enlarge and emit a musky odor 
during sexual excitement. 

Finally, under integumentary glands there should be mentioned 
the mammary glands , already described in a previous chapter, that 
have a place in the general scheme of reproduction in the mammals, 
since they provide sustenance for the newly born young. Marsu¬ 
pials, which have no true placenta, nourish I he fetus before birth 
with “uterine milk” produced by uterine glands. 


5. 


DEVICES FOR THE CARE OF EGGS AM) YOUNG 


(a) Uterus .—With most animals that practice internal fertiliza¬ 
tion, a part of t lie oviduct becomes modi lied into a brood organ, 
the uterus , for the protection of the developing embryo. This struc¬ 
ture is located midway between the upper portion of the oviduct, 
called in human anatomy the Fallopian lube , which receives the 
egg from the ovary, and the vagina below. The virgin uterus is 
mainly below the pelvis but during pregnancy it is shifted to a 
position higher up in the abdomen. Its thick muscular walls are 
capable of great distension, enlarging to over 200 times when ac¬ 
commodating a growing fetus. When unoccupied by young the 
cavity within the uterus is relatively small and the shrunken in¬ 
ner walls are more or less in contact with each other. The rounded 
mouth of the. uterus where it. meeds the vagina frequently projects 
somewhat into the vaginal cavity (Fig. 103). 

Even in frogs the oviduct during the breeding season enlarges at 
its cloacal end into a uterus for the temporary lodgement of the 
eggs, and viviparous telcos ts, as also some elasmobranchs, have a 
well-developed highly vascularized uterus. Mammals, however, 
show the greatest, differentiation of this organ. 

A uterine modification of the oviduct, w hen found among lower 
vertebrates, is usually a double struct ure, one for each oviduct, but 
with increasing coalescence of the oviducts in mammals to form a 
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single vagina, there is a tendency for this fusion to involve either 
a part or the entire uterine region. All the theoretical interme¬ 
diary evolutionary stages from a double uterus to a single one have 
their actual counterparts in nature among mammals. 

Thus, there are two distinct uteri (uterus duplex , Fig. 408, A) 
without vaginas in monotremes, and each with a separate vagina 
in marsupials. Among placeutal mammals, some rodents, for 



Fig. 408.—-Diagrams lo show tin* (‘solution of thr simplex uterus. A, uterus 
duplex; B, uterus bipartitus; O, uterus bicornis; D, uterus simplex. (After 
Weber.) 


example the mouse, hare, marmot,, and beaver, as well as elephants, 
certain bats, and the “aard-vark” Oryderopus , of South Africa, 
also have a duplex uterus. A beginning of coalescence between the 
two uteri (uterus biparlilus , Fig. 408, B) is apparent in pigs, cattle, 
certain rodents, some bats, and carnivores. A two-horned uterus 
(uterus bicornis , Fig. 408, C) is characteristic of ungulates, ce¬ 
taceans, insectivores, and some carnivores, while a single uterus 
(uterus simplex , Fig. 408, D), with two slender Fallopian tubes pro¬ 
jecting from it, is the type found in apes and man. 

\arious pathological anomalies that suggest doubling are en¬ 
countered in the human uterus, which find a ready explanation in 
the story of the comparative anatomy of tills organ. 

The curious South American teleost Girardinus , already men¬ 
tioned as having a metamorphosed haemal spine of a caudal verte¬ 
bra for a copulatory organ, has a hollow ovary that serves as a 
uterus or brood sac for the young. The eggs, which dehisce into 
the cavity of the ovary after the teleostean tradition, are fertilized 
in place by sperm that penetrate all the way into the ovarian cavity, 
where the early stages of the developing egg occur. 

Except when interrupted by pregnancy the Avails of the uterus 
in higher mammals undergo marked periodic modification through¬ 
out sexual life, which results in the disintegration and sloughing 



492 


BIOLOGY OF THE VEHTEBHATES 


off of the superficial layer of mucosa, together with a certain 
amount of blood, and the subsequent, repair of the uterine lining. 
This preparatory procedure for the reception of the egg is termed 
menstruation , and it is more, or less synchronous with the bursting 
of the (Jraalian follicle in the ovary and the extrusion of the egg. 
If the descending mammalian egg meets an ascending sperm in the 
Fallopian tubes, it may become implanted in the wall of the uterus 
that has been prepared for it and Lhere undergo fetal develop¬ 
ment. 


(6) Brood Sacs .—Among vertebrates there are various instances, 
more or less exceptional, of brood sacs for eggs or young, aside from 
the uterus of the female. For example, among fishes there is a 
brood sac or) the ventral side of the male pipefish, Syngnalhus , in 
which the eggs are deposited by the female. In the sea-horse, 
Hippocamjms , a relative of the pipefish, there is a similar arrange¬ 
ment whereby the male becomes responsible for the care of the 
eggs (Fig. 11$, A). 

Among amphibians a dorsal pouch is located on the back of the 
female frog, Notofrema pygmae.unu of Venezuela, for carrying eggs 
(Fig. 31, F), while the male Bhinodrrma danrini. of Java con¬ 
tributes his vocal sacs temporarily to serve as brood pouches 

(Fig. 31, II). 


The transient brood sac of rnonotremes and the permanent 
“marKupum!" of the marsupials among mammals are further 
examples of structures belonging to the reproductive apparatus, 
since they obviously have been developed in the interests of the 
race rather than of the individual. 

(r) Nidamental (Hands. -- Eggs destined to leave the body of the 
female before development are provided with some sort of a pro¬ 
tective envelope or capsule. In water this does not need to be a 
very complicated structure, but exposure to dry air demands a 
shell of some kind. 


It is apparent that fertilization must occur before the shell is 
put on to the egg, otherwise the sperm would encounter an insuper¬ 
able barrier. Consequently nidamental glands , which produce the 
shell, are located in the walls of the oviduct some distance from the 
ostium abdominalc, in order to allow opportunity for the egg and 
sperm to meet before the shell is added. Incidentally, putting a 
workman-like shell around a soft egg is an accomplishment which 
would be baffling to a human inventor. 
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Albumen glands , that furnish the “white of the egg,“ are also 
located in the walls of the oviduct between the ostium abdominale 
and the nidamenLal glands, since this extra store of nutriment must 
be added after fertilization, before the egg is encased in a cal¬ 
careous shell. The familiar cackling of a hen thal has just suc¬ 
ceeded in laying an egg is a true song of triumph, stimulating to a 
comparative anatomist who appreciates something of the intri¬ 
cacies of its elaboration. 

Not only does t he calcareous shell protect the exposed egg from 
injury, but, in the case of many birds, blending colors or blotches 
which help to camouflage it from searching enemies are deposited 
in the substance of the shell. 

The aquatic eggs of lhe internally fertilized elasmobranchs are 
enclosed in purselike horny capsules, supplied at each corner with 
curling tendrils (Fig. 385), which en¬ 
tangle. them among seaweeds, so that 
the embryo fishes sway and rock within 
their curious cradles in comparative 
security until ready to emerge. 

(d) Placenta in Mammals ~ True 
mammals provide a placenta for the 
developing young. This is an elaborate 
compound vascular organ, made up of 
interdigitating villi from the walls of 
the uterus and from the allantois of the 
embryo (Fig. 409), which brings the 
capillaries of the mother into intimate contact with the capillaries 
of the fetus, thus establishing a nutritive and respiratory bridge 
between mother and offspring. 

There are other embryonic devices in mammals, such as the 
amnion and other fetal envelopes, which provide for the welfare 
of young reptiles, birds, and mammals. These should not be over¬ 
looked in reckoning lip the anatomical contrivances that aid in 
the preservation of the species. 

6. DEGENERATE AND RUDIMENTARY ORGANS 

With the supplanting of the pronephros and mesonephros by 
the metanephros among anmiote vertebrates, there are left behind 
several structures in the developing animal that are deprived of 
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Fig. 409.—Diagram of the 
embryonic envelopes of a 
mammal. 
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their original usefulness. Some of these structures, like the meso¬ 
nephric tubules which become transformed into the ductuli effer- 
entes in the epididymis of the male, are rescued and made over to 
serve a new function. Many other structures, however, degener¬ 
ate, finding their way to the anatomical rubbish pile where they 
remain as useless parts of the animal mechanism, even becoming a 
source of pathological ills. 

There are various rudimentary organs also that are useless be¬ 
cause they never attain functional efficiency. Unlike degenerate 
structures which have had their day, these arc incipient organs 
that have never completely developed. 

It is quite important for the pathologist to be thoroughly 
grounded in comparative anatomy, since it is just these degenerate 
anatomical relics and rudimentary structures that are most likely 
to prove the local points for the formation of cysts, tumors, and 
other bodily abnormalities. 

Table of Homoloctes of Structures Derived from the Mesonephros 

and its Associated Ducts 


Mesonephros 


Wolflian duct 


Mullerian 

duct 


Sexual 

purl 


(Urinary 
part 


Distal 
pai t 


Dislul 

part 


Mai.k 

Epididymis (in part) 

liefc testis 

Duc tuli ell c‘rentes 

Parndid> mis 
Duct uli uherrnnles 


Female 

Epoophoron (in part) 


Paroophoron 


Proximal Epididymis (in part) Epoophoron (in part) 

part Ductus cpidid>midis (iacrlricr’s duel 


Ourtus deferens Weber's organ 

Appendix epidid wuidis 


Proximal Appendix testis 
part. 


Fallopian tube 
Uterus 


\ items maseulimis 
( olliculus seminalis 


\ affirm 
Hymen 


The young embr\o presenls a condition with respect to the repro- 
ductive apparatus, for example, that suggests a hermaphrodite 
with the rudiments of bnih sexes present. As development pro¬ 
ceeds one sex becomes dominant, and the structures which char¬ 
acterize the other sex lade into the background as degenerate or 
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rudimentary remains. There results a homology or equivalence in 
the anatomical details of the two sexes which is summarized in 
the case of man in the table as shown on page 191, adapted from 
Wiedersheim. 

The organs in this table that are in italics are functional, while 
the others are either degenerate useless structures, or of doubtful 
function. 

The cpoophoron of the human female is an organ lying between 
the layers of the broad ligament of the uterus, composed of eighteen 
or twenty anastomosing mesonephridia that are closed at both 
ends. In ruminants, perissodactyls, and pigs, the mesonephridia 
forming the e]>obphoron are connected with a fragment of G'verifiers 
dud , which corresponds to the Wolffian duct in the male. 

The paradidymis and the paroophoron in the two sexes respec¬ 
tively are all that remain of the posterior mesonephridia. The 
paradidymis lies within the spermatic cord near the globus major 
of the epididymis. Both the paradidymis and its homologue in the 
female are found only in older embryos and young children. 

The duduli aberrantes are also tubules, originally nephridia, blind 
at one end and opening into the duct of the epididymis. There 
may be one, two, or several of them, alt hough the number is usually 
two. They lie between the testis and the epididymis, and the “in¬ 
ferior ductule,” which is-the more constant of the two, may attain 
the length of two inches in man. 

The appendix epididyrnidis (Fig. 388), which is the degenerate 
tip of the Wolffian duct, lies upon the globus major of the epi¬ 
didymis. Toldl found it persisting in 29 out of 105 human autop¬ 
sies. A similar structure is sometimes found in the female, where 
it is known as Weber's organ , an unfortunate misnomer since the 
same term has been applied to a structure between the swim blad¬ 
der and the inner ear of fishes. 

The appendix testis , a small spherical sac attached to the testis 
(Fig. 388), represents the tip of the Mullerian duct. It has been 
reported as present in 90 per cent of the cases examined. 

The other end of the embryonic Mullerian duct remains in the 
male in the form of the uterus masculinus, a small sac homologous 
not with the uterus but w T ith the vagina. It is embedded in the 
prostate gland along with the base of the urelhra and is usually 
distally bifid (Fig. 388), which is additional evidence that it repre¬ 
sents the remains of coalescing oviducts. 
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Around the opening of the uterus masculinus is a small fold of 
tissue, the colliculus seminal is . that marks the ends of the Mul¬ 



lerian duets, and is homolo¬ 
gous with the hymen of the 
female, which partially sep¬ 
arates the vagina from the 
vestibule, and likewise lo¬ 
cate the true termination 
of the Mullerian ducts. 

V. Determination and 
Differentiation of Sex 

The determination of sex , 
as pointed out, in Chapter 
VI, probably occurs at the 






time when the egg is ferti¬ 
lized, depending on the 
chance combination of the 
sex chromosomes. The dif¬ 
ferentiation of sex , on the 
other hand, or the develop¬ 
ment of visible distinct sex 
characters, does not occur 
in man until about the 
ninth week of fetal life, al¬ 
though according to Keith, 
the testes within the body 
cavity are distinguishable 
from the ovaries by the 
seventh week. 

The human external geni¬ 
talia of the two sexes at 
first- cannot be told apart. 
At the stage of about the 
sixth or seventh week, when 


Fig. 410.—Embryonic differentiation of 
external genitalia. (After Gray.) 


the legs are simply two 
stubs on the two sides of 
the cloaca (Fig. 410), an 


elevation, the genital eminence , tipped by a conical projection, 
the genital tubercle , appears just within the anterior margin of the 
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cloacal opening. Around the genital opening there forms a pair 
of folds, the labio-scrotal folds, which are destined to become 
either the labia majora of the female or the scrotal sac of the male. 

Soon the genital tubercle elongates somewhat and a slit, the 
urogenital opening, develops along its ventral surface. The lateral 
margins of the slit elevate next to form a second pair of enclosing 
folds, the inner genital folds, or the future labia minora of the 
female. 

In the male the genital eminence, with its projecting tubercle, 
elongates st ill more into the corpus spongiosum and the glans of the 
penis, the urogenital slit meanwhile dosing over to form the penile 
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Fig. 411.—Sagittal diagram of fe¬ 
male genitalia. 


Fig. 412.—Sagittal diagram of male 

genitalia. 


part of the urelhra. The inner genital folds become the two cor¬ 
pora cavernosa, joining together side by side above the corpus 
spongiosum to complete the body of the penis, while the labio- 
scrotal folds draw down and grow together, forming the scrotal 
sac. The seamlike ridge, or raphe, along the midventral line of the 
scrotum in the adult, represents the line of fusion between these 
embryonic structures. 

In the female the genital eminence and the genital tubercle re¬ 
main comparatively undeveloped in the form of the clitoris, while 
the urogenital slit expands into the vestibular entrance to the 
vagina, and the two sets of folds on either side shape up into the 
labia minora and the labia majora. The anterior fusion of the 
outer labio-scrotal folds which make the labia majora in the female, 
becomes the mons Veneris. 
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So-called human ‘‘hermaphrodites” usually present intermediate 
embryonic features with respect to the external genitalia, as for 
instance, a small undeveloped penis with an unclosed urogenital 
slit (hypospadia), resembling Ihe grooved cloaeaJ penis of the 
turtle. 

The general relations of the genitalia, both external and internal, 
of the two sexes in man are shown in Figures 411 and 112. 


VI. Periodicity in Reproduction 

After reaching sexual maturity, a stage which is usually less 
marked in the male than in the female, most animals exhibit a 
periodical recurrence of reproductive activity. This, as applied to 
the species, may be called the breeding season. During the breeding 
season the individual animal may react to a single sexual crisis, or 
it may undergo several rhythmical waves of sexual activity, while 
between breeding seasons the pairing instincts and behavior are 
in abeyance. 

The onset of the breeding season is probably due to a variety of 
causes, both external and internal, differing largely in various 
groups of animals. There is some underlying, common ground, 
however, for it is apparent that the reproductive cycle of most 
plants and animals is timed more or less to accord with the chang¬ 
ing seasons, and to occur at a time that is favorable for the de¬ 
velopment of the forthcoming young. This is usually the spring or 
early summer, particularly among insects, annual plants, and cold¬ 
blooded animals. 

A host of aquatic forms, for example, respond sexually to the 
rising temperature of the water in the spring of the year. Ocean 
iishes shift in schools into warmer shallow or surface waters to 
spawn, while amphibians and reptiles, arousing from their winter 
lethargy, proceed at once to increase the census returns in their 
cold-blooded world. 

Birds stream northward in their annual “Canterbury Pilgrim¬ 
age” as soon as the cold of winter in our northern latitudes has 
given way to the breath of spring. At this season t hey show con¬ 
siderably more purpose than hi the more leisurely fall migration. 
The factor of changing temperature, however, does not wholly 
account for the remarkable nuptial flight of birds in their spring 
migration. 

Mammals also generally exhibit enhanced vitality and courtship 
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behavior at the spring season. Even man, whose breeding season 
has been extended to include the entire year, feels the spell of 
spring, so that Tennyson stated a biological fact when he sang: 

“In the Spring a livelier iris changes on the burnished dove; 

In the Spring a young man’s fancy lightly turns to thoughts of love.” 


The breeding season of fishes in the valley of the Nile is during 
the annual period of inundation. Lungfishes, which pass the dry 
season burrowed inactively in the mud, breed at once when the 
rainy season begins, being at that time restored to activity. It is 
rather remarkable that hibernating animals, as well as aestivating 
lungfishes, when they awake starved and hungry after their dor¬ 
mant sleep, proceed immediately to the business of propagating the 
species before they attend to their own individual needs. This is a 
good illustration of the imperative law of reproduction, which 
places the preservation of the species above the welfare of the in¬ 
dividual. 


In the same self-effacing way the salmon of the Pacific Coast, 
when they leave the ocean for the long perilous run up rapids, 
waterfalls, and past countless dangers for many hundred miles to 
their breeding grounds in the upper reaches of the Columbia and 
Yukon rivers, ascetically forego feeding and devote themselves 
entirely to the great adventure of reproduction. It is quite prob¬ 
able that some internal factor, perhaps a physiological urge set in 
motion as a consequence of rhythmical metabolic processes, must 
account for the astonishing behavior of the salmon. It. is certainly 
not entirely due to the lad that their gonads have swollen to 
a degree demanding immediate action, because in the “Silver 
Horde” of the salmon run fishes of all stages of sexual development 
are found. Moreover, it has been pointed out by Jacobi that the 
gonads of the eel, Anguilla , which migrates in the opposite direc¬ 
tion, from fresh to salt water for its one breeding season in a life¬ 
time, do not become enlarged until it reaches sail water. 

The breeding rhythm of some animals is even gauged to a certain 
time of day. Thus amphioxus in the Mediterranean region always 
spawns at sundown, and the famous “pololo worm'’ of the South 
Pacific, Eunice riridis , produces its myriads of eggs and sperm in 
quantities sufficient to color the water for miles about, at day¬ 
break of a particular day falling in the last quarter of the moon 
in September and October. 
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Many invertebrates breed once for all, the act frequently mark¬ 
ing the end of their life cycle. Animals like most marsupials and 
seals breed annually; the walrus once in three years; and elephants 
at considerably longer intervals. 

There is a curious correlation between the breeding season of 
bats and a favorable time of year for I he appearance of the future 
offspring. Pairing is effected in the fall, a mucous plug sealing the 
uterus after copulation so that the sperm can winter over in the 
vagina. After copulation has occurred the sexes go their separate 
ways to hibernation quarters, the males in one place, the females 
in another, where they literally “bang up” for the winter. Since 
the period of gestation in the bat is only two months, the young 
would normally be born during the somnolent hibernation period,— 
an impossible state of affairs with no available insect food on the 
wing,—were il not for the fact that fertilization is not consum¬ 
mated for several months after copulation, the sperm remaining 
viable in the vagina of the female throughout all that time. 

Among mammals, the female during the breeding season passes 
through an oestrous cycle, or “heat,” in which the egg is prepared 
for fertilization. Jf only one oestrus occurs during the breeding 
season, as in the case of the bear, the animal is said to be monoes - 
trous. Polyoeslrous animals, on the other hand, are those which, 
like rodents, have recurrent oestrous periods following each other 
throughout the breeding season. 

Domestication frequently works changes in the periodicity of 
reproduction. Many wild animals refuse to breed at all in captiv¬ 
ity, wiiile domestic animals, such as c attle, have been changed from 
a monoestrous to a polyoestrous condition. The breeding season 
has been greatly extended in poultry, for example, to include prac¬ 
tically the entire year. 

In the human female the breeding season is not dependent upon 
external factors, but continues uninterrupted from the time of 
puberty until the menopause at the age of 15 or 50 years, through¬ 
out winch time the oestrus, unless interrupted by pregnancy or 
some abnormal condition, recurs rhythmically every four weeks. 

Associated with the oestrus in humankind and in some other 


primates, but not to be confused with il, is menstruation , the prep¬ 
aration of the uterine wall for the possible implantation of a fer¬ 
tilized egg. This monthly recurrence of the reorganization of the 
uterine wall, involving the rupture of capillaries and attendant 
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discomfort, begins and ends earlier in the tropics than among the 
inhabitants of colder countries. The function of menstruation is in 
abeyance during pregnancy and lactation. The human menstrual 
cycle is pictured by Corner in the accompanying diagram (Fig. 
413). 

Ethnologists find indications of a former primitive breeding 
season in man coupled with the annual feasts and orgies of sav¬ 
ages and in the yearly festival of the Saturnalia of classical times, 
when great sexual license was known to prevail. 


VII. C A.1VE OF TilE Y OUNG 

Many instincts and dawning intelligence seem to center around 
the care of the young. Distinctive secondary modifications in the 
female have to do largely with this function. It has its beginnings 
in the unconscious equipment of eggs with nutritive materials and 
in the provision by the female of a sheltering uterus or brood sac 
of some kind. Later in evolution parental ( are may take the form 
of building nests in which to incubate eggs after they have been 
laid, and of behavior that supplements the helplessness of the 
newly hatched or born. 

In higher animals there is a prolonged period of dependence 
upon the parents, after hatching or birth, which makes “schooling” 
possible through association with the parents. The relation is a 
reciprocal one, for the child or offspring is an educator as well as 
the parent. Cooperation, not competition, is the key to family life 
exhibited by man and the higher animals. In this way the traditions 
and acquired wisdom are handed or) among animals as soon as an 
adequate vehicle by way of brain equipment is elaborated for it. 

The lower animals, on the other hand, never have any schooling. 
They are supplied once for all with a single “box of tricks,” or in¬ 
stincts, and, as soon as they come into the world they know as 
much as their parents or as much as Ihey need to know to fill their 
niche in nalure. They never can experience the joy of learning 
from th^ir parents or others of their kind and in the majority of 
instances ihey never even encounter their parents. 

\ prolonged dependence upon parental care is a mark of su¬ 
periority, since it furnishes the soil in which budding intelligence 
may grow and flourish. 

The dominance of mankind is correlated with the fact that the 
education involved in family life is extended over relatively so 
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long a time. In the case of modern man, children do not gain inde¬ 
pendence from their parents, in the most fortunate instances, until 
at least one third of the entire span of life is past. 

Transitions in behavior are encountered all the way from egg- 
laying with parental incubation (oviparous habit) to prolonged 
gestation within the body of the mother, the young being “born 
alive” (viviparous habit). Certain sharks, teleosts, caudates, 
lizards, and snakes arc said to be ovoviviparous , since there is a 
close race between hatching and birth, with the two events occur¬ 
ring practically at the same time. 

A curious instance of parental provision for the eggs in fishes is 
shown by the “silversides” Mcnidia nolaia , of the Atlantic shore. 
This little leleost lays its eggs only at the lime of the highest tides 
when they are buried far up in the wet sand or at the roots of 
shore grasses. As tlie tide recedes they are left, in a safe moist sit¬ 
uation out of reach of aquatic enemies which would devour them. 
After a period of development within the egg-membrane, the 
young fishes kic k out of their spherical prisons at some later high 
tide and go to sea after the tradition of their kind. 

Some curious shifts employed by various amphibians in the in¬ 
terests of their eggs and young have been previously mentioned 
in Chapter II. 

Animal architects in the form of ants, bees, wasps, spiders, moles, 
mice, foxes, and bank swallows contrive protective retreats of 
various kinds for their young. Birds are noted nest builders. Such 
structures are not primarily shelters or refuges for the birds them¬ 
selves, as much as they are places for incubating the eggs and 
cradling the young after they are hatched. 

In the great majority of animals parental care does not exist, 
but among mammals postnatal care is obligatory, culminating in 
man, with an ever increasing degree of provision for the young. 

VHT. Apparatus for Sexual Selection 

There are notable secondary differences between the sexes, par¬ 
ticularly among the higher vertebrates, that are neither devices 
to aid in copulation, nor holdfasts for the prehension of the female 
by the male, yet which play a part in the whole scheme of repro¬ 
duction. These devices are usually more pronounced in the male, 
and in general take the form of ornamentation or coloring, or of 
organs of offence or defence. The consideration of these facts led 
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Darwin to formulate his supplementary theory of “sexual selec¬ 
tion,” in order to explain the presence of such modifications in 
male animals, since the theory of natural selection seemed inade¬ 
quate to account for their origin. 

According to Darwin’s explanation, organs of offence and de¬ 
fence, such as horns and tusks appearing in males and not in fe¬ 
males, were not primarily developed for warfare with enemies 
else the females would he similarly armed, but were evolved for 
battles between males of the same species competing for the pos¬ 
session of the females in reproduction. Particularly in the case of 
polygamous males, like seals and ruminants for example, in which 
there is an obvious rivalry for the females, there is a pronounced 
development of these secondary sexual organs of offence and de¬ 
fence. 

Similarly the distinctive ornamentation and coloration of cer¬ 
tain males, particularly among birds, is regarded as having been 
called forth in the interests of selective mating, the critical females 
choosing those males which present the most captivating appear¬ 
ance. Darwin says, “in most cases, the differences of structure 
between the sexes are more or less directly connected with the 
propagation of the species.” 

Instances of male secondary sexual characters that have a racial 
rather than an individual significance, are the hooked lower jaw 
of the salmon during the breeding season; the nuptial frill along 
the back of the male Triton (Fig. 29, F); the elaborate vocal ap¬ 
paratus of serenading frogs and toads; the throat pouch of some 
lizards; the comb, wattles, topknots, plumes, and spurs of birds; 
shaggy mane of the lion; and the tusks, horns, and antlers of 
certain ungulates. These are peculiarities which are absent for 
the most part in the corresponding females. 

It is quite likely that certain endocrine glands, to be considered 
in the next chapter, are distinctly responsible for the sexual be¬ 
havior of animals and the development of their secondary sexual 
characters, thus insuring the life of the species. The greater nat¬ 
ural pugnacity of the male, as well as his more vivid coloration 
and ornamentation, may follow as the inevitable physiological 
consequence of a sexual difference in metabolism, as determined 
by his peculiar outfit of endocrine glands. 

This explanation, removes some of the responsibility in mating 
behavior from the questionably discriminating judgment of the 
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“weaker sex” and places il upon a surer, less subjective founda¬ 
tion. Whatever the true explanation, it is apparent that such sex- 
limited characteristics have somehow been evolved in the interests 
of the species rather than of the individual, for frequently the 
possession of excessive ornamentation of striking colors renders 
the individual himself more conspicuous in the presence of enemies. 

Finally, sexual selection in man involves much more than physio¬ 
logical characteristics. There is no doubt that form and feature, 
even in post-caveman days, play an important role and as such 
are subsidiary to the reproductive apparatus as a whole. 



CHAPTER XVI 


1NV0LUNTARY RECELATION 
(ELANDS OF INTERNAL SECRETION) 


1. In Ceneral 

There are two general devices, nervous and chemical, for effect¬ 
ing coordination within the animal body. The former is somewhat 
like a telegraph system, whereby messages are conveyed from one 
point to another without material transfer, while Ihe latter is more 
like the parcel post, in that substances produced by certain organs 
are distributed through the blood system to other parts of the body, 
where they bring about results affecting the entire organism. 

The chemical regulators of the body have their origin in glands. 
Some glands, for example those of the digestive tract, are provided 
with ducts and furnish chemical substances called enzymes, that 
are iiulis|>cnsable agents in the utilization of food materials. Others 
have no ducts and can only deliver their products by the agency of 
blood vessels with which they are in intimate contact. These are 
the endocrine glands, or “glands of internal secretion." 

The chemical substances that they elaborate from the blood are 
termed hormones , which like enzymes may act in very small quan¬ 
tities, suggesting that they tire catalytic in action, or in other words 
that they hasten chemical action without themselves undergoing 
any permanent change. They not only bring about functional 
results by maintaining chemical equilibrium wilhin the body, 
but they also play au important part in developmental processes. 
The term hormone means “exciter," which indicates in gen¬ 
eral the character of this kind of intramural messengers. Some 
ductless glands produce substances, however, that, act as restrain¬ 
ing bridles rather than as stimulating spurs, and such glandular 
product s are called chalones in distinction to au I oca ids, or hormones 
proper. 

The total mass of human endocrine glands all rolled together 
would equal, according to an eminent English biologist, a parcel 
small enough to “go in a waistcoat pocket,” yet their importance 
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is so great that, with the advance of knowledge gained within the 
last quarter of a century largely through pathological studies and 
animal experimentation, the new biological science of Endocrinol¬ 
ogy has arisen, absorbing the attention of a small army of special¬ 
ists and possessing a rapidly increasing literature all its own. 

The glandular system involves considerably more than the duct¬ 
less glands, since there are several glands having ducts, for example 
the liver, pancreas, and gonads, that in addition deliver hormones 
directly into the blood, as well as substances through ducts. More¬ 
over, certain substances not produced by glands act also through 
the medium of the blood in a manner similar to that of the hor¬ 
mones. Carbon dioxide, for instance, resulting from the activity of 
muscle tissues, which is transported by the blood stream to the 
respiratory nervous center in the medulla where movements es¬ 
sential to breathing are regulated, belongs in 1 his category. 

The endocrine glands are subject to great variation and, al¬ 
though largely interdependent, their hormones, carried everywhere 
that blood Hows, are effective only upon certain specific organs. 
They are like keys to fit particular locks but. not master keys to fit 
all locks. 


Upsets in the balance of endocrine activities result in various 
pathological manifestations, while the loss of certain of these 
glands of internal secretion results fatally. The interlocking endo¬ 
crine system among other things is responsible, in part at least, for 
(1) the time, order, and rate of organic development; (2) meta¬ 
morphosis in amphibians; (3) adaptive coloration in certain larval 
salamanders; (1) the development of secondary sexual characters; 
(5) a considerable part, of visceral control; and (6) many phases of 
behavior, particularly the “emotions" that contribute so much to 
the psychic life and to the determination of “personality.” 

The possibility of controlling and regulating the functions of the 
ductless glands has opened a new broad field for experimentation 
and medical practice, with the inevitable and often deplorable 
accompaniment of much unfounded speculation and quackery. 

No ductless mass of cells which is not muscular, nervous, or 
skeletal can escape, the suspicion of being involved in the endo¬ 
crine system. Kndocrincs .are not generally discovered in inverte¬ 
brates, but plants have been found producing certain substances 
that act. after the long-arm method of hormones upon structures 
distant from the point of their elaboration. 
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For convenience in description, the principle endocrine struc¬ 
tures of the vertebrate body (Fig. 411) may be grouped into 
four categories according to their general location: (1) pharyngeal 
(thyroid, parathyroid, and associated glands); (2) cranial (pineal, 
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Fig. 414.—Diagram of the endocrine system. (From chart in Endocrinology 
and Metabolism , edited by L. F. Barker. 1). Appleton and Go.) 


anterior and posterior pituitary); (3) sexual (testes, ovaries); and 
(4) abdominal (pancreas, intestinal, adrenals). 


IT. Pharyngeal Glands 


i. THYROID 

The vertebrate pharynx is a region of much evolutionary modi¬ 
fication. One of the oldest structures found there is the thyroid 
gland , foreshadowed in the endostyle of tunicates and amphioxus 
(Figs. 11 and 15), where it is an open groove in the floor of the 
pharynx, lined with mucus-producing cells and supplied with a 
column of long cilia along its bottom, which by their movement 
keep mucus advancing down the gullet in a continuous strand 
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(Fig. 322). Food particles entangled in this sticky escalator are 
thus insured delivery into the digestive tube proper, instead of 
escaping through the numerous gill slits. 

In other vertebrates there is a similar evagination of ectodermal 
tissue from the lloor of the pharynx between lhe first, pair of gill 
pouches (Fig. 115) that corresponds to (lie endostyle. It begins 
to develop ver> early in man, when the embryo is about l 1 ^ mm. 
in length, and does not fail to put in its appearance in every verte¬ 
brate. it soon loses its connection with the pharynx, however, and 
becomes a ductless gland, made up of a 
mass of dosed follicles, surrounded by 
connective tissue. 

The duct of this embryonic thyroid 
gland still remains open during the 
%4 ammocoetes" stage of the lamprey eel 
but is obliterated in other vertebrates. 

In man it disappears by the eighth week 
of fetal life, although its place of former 
opening is marked by 111 ('foramen caecum 
at the base of the tongue (Fig. 210). 

The thyroid grows slowly but steadily 
throughout the prenatal period, until at 
birth its weight is about. 0.125 per cent 
of the total weight of the body. After 
birth, while its actual weight still in¬ 
creases, its relative weight decreases, so that eventually in adult 
life it normally has a weight of about. 40 grams, being somewhat 



Fig. 415. Digram show¬ 
ing the origin of \ arious bran¬ 
chial epithelial structures. 
Lilly., lateral thyroids; pth., 
parathyroids; u.b., ullirno- 
hranehials; thyr., median 
thyroid; th ym., thymus; 
1 I V, branchial pouches. 
(After Kohn.) 


heavier in the human female than in the male. 

The blood supply of this gland, which comes from the subclavian 
arteries, is very generous. Wiederslieim states that it may equal 
or even exceed that of the brain. 

In fishes the t hyroid gland is composed of several groups of loose 
follicles scattered along the ventral aorta, but in amphibians, rep¬ 
tiles, and birds, although double embryonically, it becomes in¬ 
creasingly compact, and in mammals finally assumes a bilobed 
shape, with flattened lateral portions joined together by a con¬ 
necting isthmus (Fig. 116). The right lobe is frequently somew hat 
larger than the left lobe. 

The shifting of the thyroid gland from its original anterior posi¬ 
tion in the floor of the pharynx to a more posterior situation near 
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the upper part of the trachea is made possible because it is in no 
way anchored at the point of origin by a hampering duct. Every 
time the act of swallowing takes place it moves up and down with 
the larynx. Obviously there has been phylogenetic change of 
function in this organ. From a device useful for the mechanical 
manipulation of food particles taken in with water, it has become 
an endocrine structure, producing a hormone affecting the oxida¬ 
tion processes, and consequently the rate of living. Davenport 

aptly says of the endocrine 
glands generally, “They are 
made up mostly of odds and 
ends of more or less dis¬ 
carded organs, the gonads 
of course excepted.” 

The hormone produced 
by the thyroid gland is thy¬ 
roxin ,, a compound rich in 
iodine, which lias not only 
been chemically isolated and 
crystallized, but also artifi¬ 
cially synthesized. Kendall 
of the Mayo clinic had to use 6550 pounds of fresh thyroid tissue 
to get one ounce of pure thyroxin. 

When introduced into an animal either with food or by sub¬ 
cutaneous or intravenous injection, it may produce marked re¬ 
sults. Tadpoles, for example, fed with thyroid gland, change into 
tiny frogs the size of a lly without “growing up,” and when thy- 
roidectomized they grow into large tadpoles without metamor¬ 
phosis. 

Human beings with a deficient thyroid apparatus may develop 
abnormally into unfortunate defectives called cretins , having re¬ 
tarded or imperfect physical and mental development, or as adults 
they may suffer from myxedema , a condition characterized by 
over-growth of connective tissue or fat, loss of hair, weak muscular 
development, oedematous skin, impoverished blood, deficient 
sexuality, lowered metabolism, nervous depression, and frequently 
impaired mentality. Fortunately this condition may be relieved or 
removed entirely, when taken in time, by the proper administration 
of thyroid extract. 

An excessive development of the thyroid gland results in ab- 


Fig. 416.—Thyroid and thymus in a child 
one month old. (Alter Olivier.) 
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normally increased oxidation and manifestations of disease such 
as exophthalmic goitre , or Graves' disease , in which the patient be¬ 
comes extremely nervous and thin, exhibiting characteristically 
protruding eyeballs. This is a serious progressive disturbance not 
to be confused with common goitre , that is caused by thyroid de¬ 
ficiency and is more amenable to treatment. Common goitre 
usually results from living in a region like Switzerland or the Mid¬ 
west. in the United States where the soil, and consequently food 
materials derived therefrom, lack iodine which is an essential con¬ 
stituent of thyroxin. 

The periodic administration of a small quantity of sodium iodide 
to the school children of the Middle States far removed from the sea 
shore, has resulted in the reduction of the occurrence of common 
goitre in those regions. 

The thyroid gland has been aptly called the “pace setter,” or 
metabolic regulator of the body. 

2. PARATHYROIDS 

Budding off embryonically from the walls of the gill pouches are 
various epithelial structures that later become glandular. Among 
these are the epithelial bodies , thymus glands , ullimobranchial 
bodies , and parathyroids. 

In cyclostomes there are seven separate pairs of these structures 
which form the epithelial bodies, situated in the ventral region of 
t he gill pouches. They are lacking in teleost fishes but from the 
amphibians on, there are usually present at least two pairs of 
glandular structures that are probably homologous with epithelial 
bodies, since they arise like them from the ventral region of the gill 
pouches, particularly from the third and fourth pairs. Epithelial 
bodies, which have been identified in lizards, some birds, and many 
mammals, are known as parathyroids (Fig. 415), because they 
eventually assume a position either in direct contact with, or close 
to, the thyroid gland. 

In man they arc small yellow encapsuled bodies, one pair of which 
lies embedded in the median dorsal surface of the thyroid gland on 
either side, while another pair is just above the thyroid, and still 
others may be distributed farther down the sides of the neck. 

Although in man their combined weight is only about fifty centi¬ 
grams, and their massed size a few millimeters in diameter, they 
are indispensable to life, since their complete removal always 
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results in death. Children's convulsions are found to be correlated 
with parathyroid deficiency, and Ihe fatal tetanic fits, which almost 
invariably followed thyroidectomy in the earlier days, are now 
known to be due, not to the removal of the thyroid "land itself, 
but to the accidental extirpation of the parathyroids during thy¬ 
roid operations. It is apparent that the hormones produced by the 
parathyroid glands play an important role in the vital calcium 
metabolism of the body. 


:i. THY MLS 


The thymus glands, like the parathyroids, have a multiple origin, 
but come from the dorsal region of the gill pouches instead of the 
ventral region (Fig. 116). Although present in all vertebrates, they 
remain epithelial in character in some fishes, while in higher forms 

'*»<>• H (iff 
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Calf 


Fits. 417. Pharyngeal glands, tlixm., Ihymu*; lliyr., lli>roid; u.hr.b.. ultimo- 

bnimhiml bodies. (Alter 1 )eMi*uroii.) 

they become lymphoid and highly vascular. The different, embry¬ 
onic elements of the thymus frequently fuse together to form con¬ 
tinuous masses of tissue down either side of the neck (Fig. 116). 

in mammals including man, Ihe thymus gland is principally 
derived from the posterior epithelium of the third gill pouch. It 
reaches its actual maximum in size at about the time of puberty, 
although its greatest relative size is attained much earlier in 
infancy. 

The total removal of the thymus is not fatal. Although its func¬ 
tion is not known, (iudernatch has shown that in tadpoles fed upon 
thymus growth is accelerated and metamorphosis is delayed, an 
effect just opposite to that obtained when thyroid is employed as 
food. 

Recent researches have by no means sustained the hypothesis 
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that the thymus is an endocrine gland. Hoskins summarizes the 
present state of our knowledge by saying, “In all probability the 
organ is of significance in the physiological and pathological proc¬ 
esses, merely by virtue of its lymphoid character.” 

4. X JLTIMOBR ANCII1ALS 

The ullimobranchials (Fig. -115), as their name indicates, are the 
most posterior of (tie series of pharyngeal derivatives which may 
be suspected of endocrine activities. They arise behind the fifth 
pair of gill pouches. Only the left ultimobranchial body develops 
in lizards (Fig. 117), and their occurrence in birds and mammals is 
doubtful. The ultimobranchial bodies in function may be con¬ 
nected with other lymphoid structures throughout the body, like 
the tonsils , which are also pharyngeal derivatives. 

111. Cranial (■ lands 

The pituitary and pineal bodies are two structures on the ventral 
and dorsal sides of the, brain respectively, which require special 
consideration in this connection. 


1. PITUITARY 

The pituitary complex has been termed the “master gland” in 
the endocrine system because the activity, particularly of the 
thyroid and of I he gonadal glands, is interlocked with and initiated 
by this gland. It has been aptly called by the French physiologists 
“ I'organ enigma!iifue." 

It is a compound structure of double origin, located most in¬ 
accessibly just behind the optic chiasma in the space between the 
roof of the mouth and the ventral side of the brain. In man and 
higher vertebrales it lies ensconced in the sella turcica , which is a 
cradle-like space hollowed out in the sphenoid bone of the cranial 
iloor. Its dual origin is due to the fact that a part of it is composed 
of an up-pushing growth from the roof of the mouth, which meets 
and becomes incorporated with a down-pushing extension from the 
lloor of the brain. 

Phylogonetically if is very old, being not only represented in all 
living vertebrates but also, according to osteological evidence pre¬ 
sented by Moody, even in the ancient dinosaurs in well-developed 
form. 

Its relative size decreases from the lower to the higher verte- 
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brates. In adult man it is “about as large as a hazel nut,” or rather 
less than a cubic centimeter in bulk, weighing normally 0.5 grams. 
In myxinoids it discharges its secretions directly into Lhe pharynx, 
but otherwise throughout the vertebrate series it has become a 
ductless gland, concerned solely with internal secretion. 

The name “pituitary,” meaning phlegm, was given to this struc¬ 
ture because Galen and the early anatomists, who had already 
discovered it, thought that it produced nasal secretions. 

The pituitary body consists primarily of three parts: one pos¬ 
terior, pars nervosa; one intermediate, pars intermedia; and one 
anterior in position, pars anterior . In some vertebrates there is 
distinguishable, in addition, a so-called U ebe r gangs te if containing 
transitional types of cells between those characterizing the anterior 
lobe and the posterior lobe, as well as a pars tnberalis associated 
mostly with the anterior lobe. The pars tuberalis has been found 

in amphibians and mammals but 
is absent in cyclostomes, some 
lishes, and most reptiles. 

(a) Posterior Lobe. —The pos¬ 
terior lobe of the adult mammal 
consists of a neural portion de¬ 
rived from the brain (Fig. 418). 
It is formed from the infundi¬ 
bulum , which is a downgrowth 
of I ho diencephalon of the brain 
(see Fig. 618). 

The hormone piluilrin , pro¬ 
duced by t he posterior lobe of 
the pituitary, has to do with fat 


^lamina tcrminalis 
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-posterior lobe 
—intermediate portion 

Fig. 4115.- Diagram showing the 

relationships of the hypoph>sis in the 
adult bruin. 'The infundibular por¬ 
tion of the hypophysis is represented 
in black; the tliberal portion is stip¬ 
pled; and the anterior lobe is cross 
hutched. (From McMurrieh, alter 
Tilney.) 


formation, flic production of 
urine, and the development of the sexual apparat us, the whole struc¬ 
ture in the female increasing in size during pregnancy. It also allects 
the involuntary muscles, particularly in the walls of the blood 
vessels, and so tends to modify the blood pressure. Pituitriii ex¬ 
tracted from the posterior lobe stimulates smooth muscle cells to 
contraction, thereby diminishing the caliber of the arterioles. It is 
used in obstetrics to accelerate the contraction of the uterus and 


thereby hasten the delivery of the child. When administered at a 
later stage of labor it assists the uterus to return to its resting 
condition. 
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By giving pituitrin to pigeons, Riddle succeeded in bringing 
about a sort of abortion in these birds, since it caused them to lay 
eggs at an exceptionally early stage of development. 

(b) Intermediate Lobe .—The pars intermedia is the least vascular 
part of the pituitary mass, but it is nevertheless apparently secre¬ 
tory in character. It is well developed in lower vertebrates and in 
all vertebrates it separates the anterior lobe from the pars nervosa. 

Both intermediate and anterior lobes have a common origin by 
way of an ectodermal evagination, liathke's pouch , which pushes 
up from the roof of the mouth and eventually becomes cut off after 
coming in contact with the posterior nmral lobe. Cushing com¬ 
pares the whole pituitary apparatus to a ball held in a boxing glove, 
in which the ball itself represents the posterior lobe, the cover on 
the ball the pars intermedia, and the glove the enveloping anterior 
lobe, which increases in size and importance in the ascending 
vertebrate series. 

(c) Anterior Lobe. - The anterior lobe , which is the largest part 
of the pituitary apparatus except in cyclostomes and teleosts, is 
made up of at least three kinds of cells that stain differently and 
consequently are of diverse chemical nat ure. 

On the periphery are basophil cells, which take basic stains read¬ 
ily. In the center are acidophil cells amenable to acid stains, while 
chromophob cells, that are not easily affected by either basic or 
acid stains, are scattered throughout the structure, completing 
the “ABC” trinity (acidophil, basophil, chromophob) of cell 
components. 

The function of the anterior lobe has to do with growth of the 
body. Although in man it, weighs only about of an ounce, 
when diverted from its normal performance it is responsible for 
both giants and dwarfs, as well as the condition known as acromeg¬ 
aly, , or the excessive growth of certain bones and joints. 

The complete removal of the pituitary probably results in death, 
although the difficulty of access to it, and the resultant unavoid¬ 
able injury to neighboring brain tissues, may be the reason for 
fatal results frequent in operations upon it. 

2. PINEAL BODY 

On the dorsal side of the brain and completely concealed in the 
higher vertebrates by the dominating growth of other parts, is a 
small stalklike evagination of the brain wall called the epiphysis y 
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or pineal body. In fact one or another of three different structures, 
the paraphysis, parietal organ, and epiphysis (Fig. 419), all of 
neural origin and easily confused as to their probable homologies, 
are located in this pari of the brain. 

The most anterior of these structures is the paraphysis , which 
lies directly in front of the velum frunsrersurn at the junction be¬ 
tween the cerebral hemispheres and the diencephalon. The parietal 
organ is sensory in character rather than glandular, and in Spherio- 
don and some other lizards if becomes a median eye-stalk of more 

or less efficiency, reaching the top 
of the head under a window-like 
foramen that pierces the skull. 
The epiphysis and the parietal 
body, although arranged in tan¬ 
dem fashion whenever both are 

median sa R iit.al section the typical present, as iti c>clostomes, were 

relationships of l hr paraphysis. pa- probably once paired structures 

rict.nl body (2)...... I <‘,,i|,l.ysis (1). , ; } {l[ The cpipll ysis 

(Alter Johnston.) / * * / * 7 

is I he more constant oi the two 

structures, being almost universally present in vertebrates. Orig¬ 
inally probably a sense organ, it has become glandular and even 
librous in character. 

The pineal body in mammals is the persisting proximal or basal 
portion of the epiphysis. Its shape resembles somewhat that of a 
pine cone, from which circumstance it lakes its name. Relatively 
larger in children than in adults, and attaining its best development 
in man at about seven years of age when involutionary changes 
begin to appear, if measures only about 12 X X 1 mm. 

The pineal body has been known to anatomists since early 
times and has always been a source of much curiosity and specula¬ 
tion. Repealed attempts have been made experimentally to dis¬ 
cover its activity and to ascertain significant structural modifica¬ 
tions associated with abnormal conditions in the development of 
this organ, but t he results have been contlicting and disappointing. 
The fact that it. is a highly vascular structure, frequently tabulated 
like a gland and containing secreted pigment, has raised the sus¬ 
picion that it may have some endocrine function, but its extirpa¬ 
tion does not seem to be followed by unmistakable physiological 
consequences, except that sexual maturity is somewhat hastened 
when it is destroyed. While it is no doubt a degenerate structure, 
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it may possibly be of physiological importance with some obscure 
endocrine function, yet hardly more has been proved with regard 
to it today than when Descartes (1596 -1650) three centuries ago 
guessed that it was the “seat of the soul." 

IV. Sexual Glands 

As already pointed out in the preceding chapter, the gonads, or 
primary reproductive organs, not only furnish either sperm cells 
or eggs, but they are also glands of internal secretion. 

Whenever castration occurs before puberty, the so-called second¬ 
ary sexual characters fail to develop. It has been shown that this 
result is due not to that part of the testis or ovary which produces 
the sperm cells or eggs, but to certain interstitial glandular cells of 
endocrine function, called “puberty glands” (Steinach). 


1. MALE GONADS 

There are three kinds of epithelial (‘ells in the testis, namely, 
spermatogenic, Sertoli (‘ells, and interstitial cells (Fig. 390). The 
first two make up the walls of the seminiferous tubules, while the 
interstitial cells are grouped around the blood vessels in the spaces 
between the tubules. They form before the germ cells do and 
respond differently to various stains, thus indicating their specific 
character. Moreover, they do not succumb to the lethal effects of 
X-rays as quickly as do sperm cells. 

When an animal is deprived of the hormones produced by the 
interstitial tissues of I Ik* testis, there is a tendency for distinctly 
male characteristics, such as the horns of the stag, the plumage 
colors of male birds, the distribution of hair that marks the male 
mammal, and particularly male behavior in courtship, to revert 
to a neutral condition. Interstitial glandular tissue, however, is 
not found in the testes of all vertebrates, and it. is equally true that 
many vertebrates are without secondary sexual characters. 


2. FEMALE GONADS 

Small groups of interstitial cells were discovered in the ovary by 
Pfliiger as early as 1863, but subsequent study thus far only goes to 
prove that, they lack the morphological individuality of the inter¬ 
stitial testicular cells and may not belong to the same endocrine 
category. There is, however, in the ovaries of certain mammals, 
including man, a definite endocrine tissue, the corpus laleum , that 
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appears transiently. It is formed in the Graafian follicle after the 
liberation of the egg by proliferation of the zona granulosa cells, 
and produces hormones which are unmistakably associated with 
menstruation, pregnancy, and the production of milk. Pearl and 
Boring have also demonstrated the presence of lutein cells in the 
ovary of the hen, although the mammalian functions just enumer¬ 
ated do not occur in birds. 

It will be noted that, according to the theory of “sexual selec¬ 
tion,' 5 whatever endocrine tissues are present in either the ovaries 
or the testes serve in the long run the same general purpose of 
maintenance of the species as do the primary sex cells produced in 
the gonads, since secondary sexual characters contribute indirectly 
to the general function of mating and reproduction. 


V. Abdominal Glands 


I. ADRKNALS 

The adrenals , or suprarenals, are compound endocrine glands 
peculiar to vertebrates. In man they are two small but important 

structures, weighing only eight or nine 
grams each, which lit “like cocked hats’ 5 
over the anteromesial ends of the kidneys 
(Fig. 420). They are enclosed in delicate 
but. firm capsules of connective tissue that 
separate them from the kidneys to wliich 
they are closely adherent but of which 
they are physiologically independent. They 
are relatively the most richly vascularized 
organs of the body, since five or six times 
their intrinsic weight of blood passes 
through them per minute. They are some¬ 
what smaller in the female than in the 

Fig. 420.—Human su- male, and frequently in the same individ- 
prarmuls. (Alter Heitz- ua i t] le one on the right is smaller than 

mann '^ that on the left. 

Although discovered long ago by Eustachius, who has so many 
other anatomical discoveries to liis credit, their significance and 
importance as endocrine glands has only recently been made clear 
by Cannon and others. The first, hormone to be isolated in pure 
form, adrenalin , or epinephrin , was obtained from these glands. 
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This substance, which has also been chemically synthesized, is 
known to chemists as ortho-dioxy-phenyl-ethanol-methylamine. 

In structure the adrenals consist of an outer cortex and an inner 
medulla . These two parts are not only morphologically and em- 
bryonieally distinct, but are also chemically and physiologically 
different. 

In origin there is a close relationship between the inner medul¬ 
lary cells of the adrenal glands, which produce the adrenalin hor¬ 
mone, and the sympathetic nervous apparatus. When migrating 
cells of the central nervous system become detached during devel¬ 
opment and move out to establish the sympathetic ganglia, they 
are of two kinds, although indistinguishable without recourse to 
differential staining. Some of them, sympathoblasts , become in¬ 
voluntary neurons of the sympathetic ganglia, while others, 
chromaJJinoblasts, although of common origin with the sympatho¬ 
blasts, are transformed into so-called chromaffin cells , since they 
show a special affinity for chromic-acid salts, taking on a distinctive 
brownish color in the presence of the latter. 

These chromaffin cells form glandular endocrine masses, and the 
extent to which they may be stained by chromium compounds is 
proportional to the amount of adrenalin which they are producing 
at the time. 


It is the chromatin derivatives of the coeliae plexus in the auto¬ 
nomic nervous system, which give rise to the medulla of the 
adrenal glands. Chromaffin tissue, however, is not confined to the 
adrenals, but may be associated with any of the sympathetic 
plexuses or ganglia, forming paraganglia , or chromophil bodies , of 
various sorts. These are frequently associated with concentrations 
of capillaries, as for example in the carotid glands at the junction of 
the internal and exlernal carotid arteries, and the so-called aortic 
bodies of ZukerkandL two or t hree in number, which are near the 
aorta in the human fetus and during early childhood. 

In fishes the chrome-staining adrenalin-secreting tissue is not 
concentrated into a medulla within a cortex, but is a diffuse double 
row of groups of cells associated with the trunk-line chains of 
sympathetic ganglia. During the phylogenetic ascent of the verte¬ 
brate series, the neuronic elements of this partnership increase in 
number and importance, while the chromaffin cells diminish. 

In addition to the chromaffin bodies in fishes there are, lying 
between the straplike kidneys, two elongated masses of tissue. 
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derived from (Tie eoelomic epithelium, and named from their 
position Ihe interrcnals (Fig. 421). These are destined to form the 
cortical part of the future adrenals. 

A transitory evolutionary stage is presented in amphibians, in 
that the original close connection between the chromaffin cells and 

the sympathetic ganglia is partially lost, and 
the interrenal tissue comes into close contact 
with, and begins to envelop the chromaffin 
bodies. This new association becomes still more 
intimate in reptiles and birds, but it is only in 
mammals that a definite chromaffin medulla be¬ 
comes established inside an interrenal cortex. 
The lower the species within Ihe mammalian 
line, the greater is the relative amount of the 
cortical component. 

There are various theories as to the function 
of the chromaffin system. Jl is known that 
when adrenalin is injected into an animal there 
is a sudden, decided, hut comparatively brief 
rise in blood pressure; the heart beat is stead¬ 
ied, becoming slower and more powerful; there 
is a quick increase of emergency sugar-fuel 
(glycogen) poured into the blood stream;and the 
muscles, particularly the involuntary muscles 
that art* sup]died by sympathetic nerves, are 
thrown at once into their most efficient state of 
tonus. Thus, in emergencies, Ihe temporary 
“strength of desperation" is furnished by the 
adrenalin, and fatigue is for the lime banished. 

Although minute quantities of this hormone 
are essential to the normal processes of metab¬ 
olism, it is nol supplied continuously to the blood in any great 
quantity, but only as occasion demands to meet some transient 
physiological crisis. 

At least one pathological condition, Addison's disease , is known 
to he definitely correlated cither with deficiencies or lesions of the 
adrenals. T his disease, which was first described a century ago by 
Addison from (Juy’s Hospital in London, is characterized on the 
part of the patient by muscular weakness, low blood pressure, 
digestive disturbance, and the appearance of peculiar bronze 



Fuj. 421 .—tlri- 
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patches upon the skin. Although the course of the disease may be 
somewhat moditied by tiie administration of adrenalin, a fatal 
termination seems to be the usual outcome. 

A separate hormone, carl in, is developed from the adrenal 
cortex, either singly, or as a group of hormones having a common 
base. It plays an important role in carbohydrate metabolism 
and aids in the utilization of certain vitamins which are indis¬ 
pensable components of foods. According to Swingle, corlin has 
to do with maintaining the acid-base equilibrium within the body. 

The adrenals undergo precocious growth, reaching their largest 
relative size in man about the third fetal month, when they are as 
large as the neighboring kidneys. 


2. T11E ISLANDS OF LANGERJTANS 

The pancreas is another gland compounded of two kinds of tissues. 

The pancreatic cells proper arc grouped about a system of drain¬ 
age ducts, and the substances elaborated by them are important 
digestive enzymes (see page .*125), which escape through these 
ducts into the small intestine. 

Throughout the vertebrates there appear in isolated groups 
between the cells of this glandular system distinct interalveolar 
cells arranged as anastomosing cords alternating with sinusoids 
and forming rounded masses (Fig. 2711). They have no outlet by 
way of ducts for the substances that they produce, and conse¬ 
quently resort to the endocrine method of disposal through the 
blood system. Such interstitial masses of endocrine tissue are 
known as the islands of Langerhans. 

It has been ascertained that the, hormone which they produce 
affects carbohydrate metabolism by regulating the use of sugar 
within the body. Disturbances in this function lead to the pan¬ 
creatic disease of diabetes, which is characterized by an excess of 
unoxidized sugar in the blood and urine. 

In fishes the islands of Langerhans are condensed into large 
superficial lumps that may be easily severed from the remaining 
pancreatic tissue, but in higher forms the characteristic grouping 
inlo small insular masses occurs. 

It is estimated that in the pancreas of the guinea pig there may 
be as many as 25,000 “islands/’ They are rather more abundant 
in young animals than later in life and in man make their appear¬ 
ance first in embryos about 54 mm. long. 



522 


BIOLOGY OF THE VERTEBRATES 


The horrnonic principle of the endocrine tissue has been success¬ 
fully isolated by Banting and McLeod, who have given it the 
appropriale name of insulin. This hormone is being effectively 
utilized in the alleviation of diabetes. 


3. SPLEEN 

The spleen for some lime suspected of endocrine affiliations, is 
the largest lymphatic organ of the body. If it is a gland of inter¬ 
nal secretion, the hormones which it produces are not essential to 
life, since its complete extirpation is followed by no results that 
can be definitely ascribed to it. Its function is probably similar to 
that of other lymphatic tissues which have to do with the forma¬ 
tion of lymphocytes and the destruction of erythrocytes. 



PART THREE 

THE MECHANISM OF MOTION 

AND LOCOMOTION 




CHAPTER XVII 


THE SKELETON 

I. The Role of the Skeleton 

In Ezekiel’s famous vision of bones as described in the Bible, 
“there were very many in the open valley and, lo, they were very 
dry,” bul it should be recalled that the prophet bravely addressed 
himself to the bones as follows: “J will lay sinews upon you, and 
will bring up flesh upon you, and cover you with skin, and put. 
breath in you, and ye shall live." 

To make dry bones, wherever found, live again is exactly what 
biologists have been trying to do ever since, with the gratifying 
and somewhat surprising result that the study of bones, with their 
many transformations and homologies, turns out to be one of the, 
most animated chapters in all comparative anatomy. 

The student of anatomy usually begins with bones, since they 
are easily available, can be used over and over again, and are not 
unpleasant, to handle. .If he succeeds in passing undismayed 
through this valley of dry bones, he feels himself initiated and 
ready to go on with what are generally regarded as the livelier as¬ 
pects of the subject. 

The vertebrate skeleton is considerably more than dry bones 
that furnish a scaffolding for the softer parts of the body. There 
are at. least five specific uses to which the skeleton is put, namely, 
(1) to give protection to other parts; (2) to make a framework for 
the support of the body; (3) to furnish a firm as well as an adequate 
surface for the attachment of muscles ; (4) to provide suitable 
leverage for locomotor purposes; and (5) to keep up a continuous 
manufacture of red blood corpuscles in the marrow tissue within 
the cavities of the bones. 

Proleciion is one of the earliest of skeletal functions to develop 
phylogenetically, being found wherever life teems, even in plants. 
Among invertebrate animals it reaches its most efficient elaboration 
in the limy shells of mollusks and the chitinous armor of arthropods. 
Traces of the external skeleton of invertebrates in the form of 
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scales, nails, and various hard corneal structures still persist 
among vertebrates, although here the function of protection is 
principally taken over by the living endoskeleton as represented 
by the boxlike cranium around the brain, by the neural arches of 
the spinal column enclosing the nerve cord, and by the thoracic 
basket which provides sanctuary for various important soft organs 
(Fig. 422). 

The skeleton as a support , that is, as an internal living scaffolding 
on the outside of which muscles are arranged, instead of a lifeless 

external armor, is a brand new idea pecul¬ 
iar to vertebrates and is of far-reaching 
evolutionary significance in the animal 
kingdom. Obviously, a living growing 
endoskeleton avoids the limitations of 
size imposed by invertebrate exoskeletons. 
Its capacity for continuous growth and 
adaptation keeps easy pace with the in¬ 
creasing demands of the enlarging organ¬ 
ism as no non-living outside skeleton 
could do. During the Mesozoic “Golden 
Age of Reptiles/’ while arthropods and 
mollusks were still imprisoned within clumsy unyielding armor, 
Mother Nature was reveling in the possibilities furnished by a 
living internal skeleton among her emancipated vertebrates. 
Gigantic dinosaurs, plesiosaurs, iguanodons, and theromorphs, 
together with all their monstrous and bizarre kith and kin that 
have long since vanished, literally lifted tons of flesh into the air 
upon majestic bony scaffoldings, which today are a source of 
never-ceasing wonder to the visitor of museums where they are 
exhibited. No arthropod or mollusk of such astonishing dimen¬ 
sions as these extinct reptiles displayed is conceivable. There 
still remain colossal elephants on land and enormous whales in the 
oceans as living examples of how far it is possible to go in the 
matter of body size, when an adequate internal support is pro¬ 
vided. 

Since sufficient solid surface must be conveniently placed so as 
to give proper foothold for the muscles , the skeleton arises to meet 
this necessity. Not all muscles require the aid of bones. Those 
responsible for peristaltic movement in the intestinal wall, for 
pulsating arteries and the throbbing heart, as well as various 


Fig. 422. —Diagram to 
show the reciprocal rela¬ 
tion of the functions of 
protection and support, in 
the skeleton. The trend of 
evolution is in the direc¬ 
tion of the arrow. 
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sphincters, such as those that close the anus or pucker the whistling 
lips, are not directly attached to hard skeletal parts. Most muscles, 
however, through the mediation of tendons do have bony anchor¬ 
age both at their origin and at their insertion. 

The skeleton of the flying bird furnishes an excellent illustration 
of what is meant by having a relatively large solid expanse for 
muscle attachment. In spite of the necessity in every flying ma¬ 
chine for economizing weight, it will be seen (Fig. 423) that in the 
bird’s skeleton there is a relatively 
enormous breastbone, with a thin 
“keel” at right angles to it, which 
practically doubles the expanse of 
surface available for the attach¬ 
ment of flying muscles without 
adding very much to the total 
'weight. The ribs of the bird are 
much flattened also to make the 
same amount of bone furnish the 
largest possible surface, while the 
swollen ends of I Ik*, leg bones have 
a considerably larger relative ex¬ 
panse available than do corre¬ 
sponding mammalian bones. 

In man conspicuous skeletal sur¬ 
faces arc to be found on the 
innominate bones of the pelvis, the 
muscles of which have to do with 
maintaining an upright posture, as 
well as on the broad shoulder blades that furnish anchorage for 
the muscles operating the swinging arms. 

In the evolutionary emergence of vertebrates from water to land 
and air, levers in the form of legs and wings appeared for purposes 
of locomotion. Such socialized levers are unnecessary for a fish 
which moves about by wagging the entire body sidewise in a 
watery medium sufficiently resistant to make lateral strokes effec¬ 
tive. The difference in density between water and air is so great, 
however, that a mechanism moving successfully by sculling in 
water would prove entirely ineffective when operated in the thin 
and comparatively non-resistant medium of air. 

One of the first steps in the evolution of locomotion upon land, 



Fig. 423. -Skeleton of a bird, 
showing large surfaces for muscle 
attachment, (\fter Bradley.) 



528 


BIOLOGY OF THE VERTEBRATES 


therefore, has been the elevation of the elongated body from the 
ground by means of proplike legs to minimize the amount of fric¬ 
tional surface and al the same time to provide a system of skeletal 
levers upon which the muscles of locomotion may act in propelling 
the animal forward. 

In birds the body is poised upon the hind legs alone, while the 
fore legs are released from terrestrial locomotion, becoming trans¬ 
formed into wings for flight through air. In both cases a system of 
bony locomotor levers is emphasized. 

The last of the live general uses of the skeleton, that of the 
manufacture of red blood corpuscles , is accomplished, in mammals 

at least, by means of vigorous marrow tissue 
within the hollow bones. 

Four general kinds of skeletal tissues may 
be recognized in vertebrates, namely, noto¬ 
chordal, connective, cartilaginous, and bony. 
These tissues have been briefly described in 
Chapter VII. 

II. Joints 

Whenever two bones come in contact 
with each other during growth processes, a 
joint is formed. It may be a rigid immov¬ 
able joint, as between skull bones, charac¬ 
terized by edge-to-edge sutures that int erlock 
the bones firmly with one another (Fig. 424), 
or the different embryonic bones may even 
fuse solidly together, thus obliterating the 
sutural joints entirely and resulting in a 
decrease in the total census of bones composing the adult skeleton. 

A typical joint, however, is one which allows freedom of motion 
between the bony partners, and by means of skeletal levers makes 
locomolion possible. 

A diagram of such a typical joint (Fig. 425) shows that the 
two neighboring bones forming the joint do not come into direct 
contact with each other, but that instead their frictional surfaces 
are faced with yielding cartilage. Between these cartilage surfaces 
there is inserted a closed sac, or bursa, filled with a lubricating 
synovial fluid continuously secreted by the cells lining the sac. 
Outside of these skeletal elements a tendinous air-tight sheath 





c 

Fig. 424. —Sutures. 
A, surface view; B, 
cross section of inter¬ 
locking suture; C, cross 
section of squamosal 
suture. 
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holds the bones together by atmospheric pressure without muscular 
effort. In mountain climbing a familiar experience is a sense of 
heaviness at the joints, resulting from the change in atmospheric 
pressure. 

Outside of the sheath there is an equipment of elastic muscles 
controlled by directive nerves. Thus the operation of movable 
joints involves the combined F, 

action of bone, muscle, and 
nerve. 

III. The Main Skeletal 
Axis 


n<‘-- 


AV 
Jo/ ' . I 

L-<fO 7 >«. 



Vertebrates are bilaterally Synov/a! , •r ,• 
symmetrical animals with the 
long dimension of the body 
stiffened by a skeletal axis , usu¬ 
ally in the form of a backbone 
lying between two tubes that 
also run lengthwise the body. 

The digestive lube lies below 
the axis. It is ordinarily much Fig. 425.—A typical joint. (Alter 
longer than the body itself, and Cunningham.) 

consequently is more or less coiled. The neural tube extends just 
above the axis and is relatively short and straight like the backbone 
(Fig. 6) and is encased by it. Thus, the skeletal axis is in intimate 
and fundamental relations both with the main nervous and diges¬ 
tive systems, having evolved primarily to meet the mechanical 
necessities arising from a locomotor bilateral type of symmetry. 


i. THE PARTS OF A VERTEBRA 

The skeletal axis is for the most part composed of separate bony 
elements, or vertebrae , of which there are 32 or 33 in man, so 
fashioned as to lend the entire backbone a certain degree of flex¬ 
ibility without sacrificing the stiffening quality for which the 
“backbone'’ stands. 

A sample human thoracic vertebra is pictured in Figures 426 
and 427. It is made up of a centrum , or the body of the vertebra, 
on the dorsal side of which is saddled the neural arch , a composite 
structure composed of two columns, or pedicels , that merge into 
two flattened lamellae which, like the sides of a sloping roof, meet 
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at the ridgepole to form the neural spine. Through this well-pro¬ 
tected bony arch the delicate nerve cord safely threads its way. 

Projecting in various directions from the neural arch are several 
outgrowths, or processes , which offer convenient surfaces either for 
the attachment of muscles, or for frictional contact of one verte¬ 
bra upon another in a joint. Of these 
processes the neural spine already 
mentioned forms the keystone of the 
arch, while two others, the transverse 


Fig. 426.—The tenth thorac¬ 
ic vertebra as seen from above. Fig. 427. The tenth thoracic ver- 

C, centrum; lain, lamella; ns, tebra as seen from the right. c\ cen- 

neural spine; pe<t, pedicel; prez, train; ns. neural spine: prez, prezyga- 

prezygapophysis; tr. transverse pophysis; post/, post.zygapophysis; 

process; v.f, vertebral foramen. tr, trails verst* process, (After Spal- 

(After Spalteholz.) teholz.) 




processes, located at the junction of the pedicel and lamella on 
either side respectively, extend laterally somewhat like the exag¬ 
gerated eaves of a Chinese pagoda. 

On the sides of the pedicels are four more processes bearing 
articular surfaces. The anterior pair of these ( prezygapophyses) face 
upward, while t he two posterior ones (postzygupophyses) face down¬ 
ward. The articular surfaces of the prezygapophyses of any given 
vertebra rest upon the corresponding articular surfaces of the post- 
zygapophyses of the vertebra next in front after the fashion of a 
chain-gang, thus making possible a certain amount of movement 
between the vertebrae (Fig. 428). The arrangement of the articular 


surfaces of the zygapophyses is “onward and upward,” that is, the 


“onward’’ or anterior end, faces “upward,” and thus it is possible 


with an isolated vertebra to determine its anterior face. 


In many vertebrates with well-defined tails like fishes, a second 
upside down arch is present on the opposite or ventral side of the 
centrum. This is the haemal arch . so named because it affords a 
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protected passage-way for the large blood vessels that supply the 
caudal region (Fig. 429). 

Movement of skeletal parts depends upon the presence of joints 
with their equipment of muscles, blood vessels, and nerves. In 
those regions of the backbone, therefore, where movement is most 
needed, as for instance in the neck, the various articular processes 



ent.h, and twelfth thoracic 
vertebrae, taken from the 
right to show their articula¬ 
tion by means of zygupophy- 
ses. s.f., spinal ioramen; Li., 
/ iff amenta iFiterrerfeitraU a ; 
prez, prezygapophysis; post.z, 
post zgupoph y sis. (After 
SpalteholzJ 



Fig. 42*).—A cau¬ 
dal vertebra of a 
fish, showing haemal 
arch, with caudal 
artery and vein 
passing Ihimigh it, 
and neural arch 
with nerve cord. 
(After Jammes.) 


of the vertebrae are found to be most elaborated. Where rigidity 
and a minimum, or the entire*, absence, of movement between the 
vertebrae is desirable, as for example in the sacral region, all proc¬ 
esses arc much reduced. 

The parts which constitute a typical vertebra undergo the 
widest variation, not only in the different species of vertebrates 
but even in the different vertebrae making up the backbone of 
any individual. 


2. TIIE EVOLUTION OF VERTEBRAE 

Vertebrae form the chief mark that brands an animal as a verte¬ 
brate, and the phylogeny of these structures has never been suc¬ 
cessfully traced back to any invertebrate source. Such a new 
structural invention that lias not been led up to by a series of 
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gradual modifications in ancestral forms the biologist hails as a 
ncomorph. 

Within the vertebrate class the steps by which the vertebrae 
have taken form have been traced in considerable detail, both by 
the embryologist and by the palaeontologist. 


3. THE NOTOCHORD AND ITS SHEATHS 


The embryonic formation of the vertebrae is preceded in every 
backboned animal by a temporary skeletal axis called the noto¬ 
chord . The position of this temporary axis, which lies lengthwise 
between the neural cord and the digestive tube, is the same as that 
of the vertebral column which it replaces later. 

Differing from other skeletal tissue such as bone and cartilage 
in which intercellular material may be excessively developed, the 



Fig. 430. —Cross section through the 
notochord and its sheaths, taken from a 
young dogfish. INe, ner\e cord; Ps, pri¬ 
mary sheath; Ss, secondary sheath; Pne, 
peripheral notochordal cells; N, noto¬ 
chord. (Drawn by K. L. Burdon.) 


cells of the notochord are at 
first large, thin-walled, and 
closely packed together. They 
are enclosed in a tough sheath 
of connective tissue, mesen¬ 
chymal in origin. Notochordal 
cells arise from the endoderm 
and are devoid of either nerve 
supply or of blood vessels. 
They are, therefore, nourished 
vicariously throng] i osmosis 
from outside cells. 

As l he notochord grows 
older the poorly nourished cells 
w ithin the sheath change. The 
marginal ones next the pri¬ 
mary sheath itself form a def¬ 
inite layer of peripheral noto¬ 
chordal cells (Fig. 430), while 
those in the central part tend 
to become vacuolated, losing 
their outlines and fusing to¬ 


gether. The peripheral cells are then t ransformed into a secondary 
sheath inside of the primary one with the result that the notochord 


as a whole at this stage might be described as a somewhat rigid 
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cylinder tapering at either end, made up of the remains of closely 
packed turgid tissue surrounded by a dense double sheath. 

In amphioxus, cyclostomes, dipnoans, and certain other fishes, 
the vertebral column evolves no further than the notochordal 
stage, except for the presence in some instances of vertebral ele¬ 
ments around the notochord. In other vertebrates, after the 
notochordal stage is passed an axial skeleton of another and more 
complicated sort is established upon its ruins. The notochord, 
therefore, is the oldest part of the vertebrate skeleton, antedating 
cartilage and bone not only during the development of the in¬ 
dividual but also throughout 

the long phylogeny of vcrte- 

* 

brate types. 

4. TIIE FORMATION OF 
VERTEBRAL ARCHES 

Although support , in the 
form of a stiff rod through the 
long dimension of the bilater¬ 
ally symmetrical animal, is t he 
earliest function that any skele- 
lal tissue performs in a verte¬ 
brate, the supplementary func¬ 
tion of protection, particularly of the precious nerve cord lying just 
above the notochord, begins to become manifest very early. 

Along the notochord and on either side of the nerve cord of the 
primitive lamprey eel, I'ctromyzon , pairs of small cartilage struts 
appear, distinctly foreshadowing the future neural arches of the 
,N<*ochonM sheath higher vertebrate types. At first 

,Inva <)tn& cartilage these pairs of strut like plates do 

not meet, and fuse together to 
form complete arches, but in 



Fig. 431. —Diagram of a pirn 4 of the 
notochord of a lamprey eel, with car¬ 
tilaginous arches, indicating llie begin¬ 
nings of vertebrae, saddled upon it. The 
arrow shows the position of the nerve 
cord. 


^Extent of one vertebra 

Fig. 432.—Diagram of a long sec 
tion through a developing backbone 
at the stage when the notochord is be¬ 
ing invaded by rings of cartilap to 
form the centra of the vertebrae. 


later evolutionary stages this 
does happen, usually through 
the insertion of a keystone of 
cartilage or bone that becomes 
the dorsal neural spine (Fig. 
426). 


The original independence of the neural arch from the centrum 


is demonstrated not only by the fact that it develops separately 
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at a different time from the centrum but also for the reason that 
in young mammals, as well as in adult alligators and turtles, dis¬ 
tinct sutures may be seen between arch and. centrum. The same 

general story is told upside 
dowji by t he haemal arches 
(Fig. 428). 

5. VARIATIONS IN 
CENTRA 

Ml fishes, whether car¬ 
tilaginous or bony, have 
amphicoeloiis vertebrae in 
which the centra are con¬ 
cave at both ends (Fig. 
133). This arrangement 
allows little play of one 
vertebra upon anot her 



Fig. 433.—Two fish vertebrae, showing 
the last remains of the notochord. (After 
Jainmcs.) 



since, with the sharp rims of two cups brought precariously in 
apposition, there is only a slight frictional surface provided for a 
joint. Stillness in such a column of amphieoelous vertebrae is at¬ 
tained by the fact that the centra, perched end to end like a pile of 
spools, are held firmly together by a contin¬ 
uous jacket of connective tissue. 

In amphibians and reptiles generally a 
ball-and-socket joint forms between the cen¬ 
tra, which allows a greater freedom of inter¬ 
vertebral movement (Fig. 131). Amphibians 
and reptiles as a rule have the socket on the 
anterior lace of the centrum and the hall on 
the opposite' posterior face, consequently such 
vertebrae are termed prococlous (pro, before; 
koi.los , hollow). 

In birds the arrangement is prevailingly 
reversed with the concavity facing posteriorly, 
making them in contrast opislhococlous ver¬ 
tebrae ( opislhos , behind; koilos , hollow), in some* amphibians 
just the opposite extreme from the usual amphieoelous type occurs 
with the single sacral vertebra to which lhe hind legs are attached, 
in that both faces of the centrum are convex. 

Still another kind of centrum, found in the extremely flexible 


Fig. 431. —Rail and 
socket veilrbrae of an 
adult alligator, show¬ 
ing I lie suture between 
the cent rum and neu¬ 
ral arc’ll still persist¬ 
ing. (Drawn b\ R. S. 
Stiles.) 
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neck of birds but occurring in no other vertebrate group, is that of 
vertebrae wit!) heterocoelous , or saddle-join!, centra. This type of 
articulation permits free movements in two directions at right 
angles to each other, like a straddling rider on a hollow-backed 
saddle-horse, allowing not only rotating from side to side but also 
rocking forw ard and backward (Fig. 435). 

In mammals generally the centra become acoelous , that is, (lat 
upon Ihe end surfaces (Fig. 129), in which case movement lx'tween 
the vertebrae is largely transferred from the flat centra to the 
joints between the zygapophvses that pro¬ 
ject from the arches. Between the centra 
of mammalian vertebrae there may also 
occur thin epiphyses which, though remain¬ 
ing independent throughout life in whales, 
are usually at last fused with the centra. 

In no other vertebrate group does such an 
allowance for longitudinal growth exist. 



6. DIFFERENTIATION OF VERTEBRAE 


Fics. 135.—Vnitml 
view of one cervical 
vertebra of a swan, and 
a part of another, show¬ 
ing a saddle joint, the 
movement of which is 
not only in the direction 
of the arrows but also 
at right angles to them. 
(Drawn by !v. L. Bur- 
don.) 


The total number of vertebrae in the 

backbone of an animal docs not ordinarily 

» 

increase with age and growth. On the 
contrary, as the result of fusion, the num¬ 
ber frequently decreases in adult life. Frass 
reports that the tail vertebrae of one species of fossil ichthyo¬ 
saurs varied from 129 to 100 according to the size and probable age 
of Ihe specimen examined. There are usually more vertebrae in the 
lower lishes than in higher forms, and in general deep-sea lishes 
have a larger number than those inhabiting shallow waters. David 
Starr Jordan cites Ihe curious fact that certain kinds of fishes living 
in the southern part of their range have more vertebrae than repre¬ 
sentatives of the same species in more northern waters. 

Of all vertebrates pythons probably hold the record for the 
largest number of vertebrae, one having been reported with as 
many as 435. 

While the vertebrae composing the backbone are easily referable 
to one structural plan, no two are exactly alike. The variations 
that have arisen are closely correlated with the diverse kinds of 
work which each vertebra, or group of vertebrae, has to do. Since 
it is desirable, for example, to have the head move in any direction 
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without turning llie entire body, the vertebrae of the neck which 
carry the head have developed joints that permit freer movement 
than is found elsewhere along the skeletal axis. The sacral verte¬ 
brae, on the contrary, whose function, particularly in bipedal an¬ 
imals, is to bear the weight of the body upon the legs, have en¬ 
tirely lost their movable joints and become fused together into a 

solid efficient unit of support (Fig. 436). 

The points of attachment for the 
arms and legs, as well as the region 
where the ribs are present, serve as 
landmarks, dividing the vertebral col¬ 
umn of man and the higher animals 
into six natural groups of vertebrae, 
namely, cervical, thoracic, lumbar, 
sacral, coccygeal, and caudal. 

In amphioxus and the cyclostomes, 

„ as already indicated, there are no sep¬ 
tic. 436. —A diagram ' , . . , . 

showing the P u,t the fused araLe vertebrae, since m these early 

sacral vrrti'hrao play as a vertebrate forms the ancestral noto- 

keystone ol the arch that. ( *Rord still holds sway. Among fishes 

the vertebrae posterior to the anal re¬ 
gion develop haemal arches on the 
ventral side of the centra. The spinal column, therefore, may be 
divided into trunk vertebrae , essentially alike, which are anterior 
to the anus, and postanal caudal vertebrae , possessing the haemal 
arch and diminishing progressively in size toward the posterior end. 

A slightly modified condition exists in the amphibians, with a 
smaller total number of vertebrae involved. A single cervical 
vertebra, providing for the beginnings of independent head move¬ 
ments, is inserted next the skull, while between the trunk and 
caudal vertebrae there is dilfcrentiated a single sacral vertebra 
(lacking in the limbless apodans) to which the pelvic bones of the 
hind legs are attached. The anchorage of the hind legs to this 
solitary inadequate sacral vertebra is one of the reasons why 
amphibians are unable to “stand up” and bear their weight upon 
their hind legs. 

In adult frogs the caudal vertebrae are fused together into a 
long urostyle (Fig. 437), which acts as a counterpoise for the 
teetering body that is swung in the crotcli formed by the pelvic 
girdle. Any jumping animal like a frog needs a shock-absorbing 


supports the weight of the 
body. 
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device much more than a creeping or walking animal does, in order 
to lessen the jar that is communicated to the brain when it lands. 
This is nicely provided for in the frog by the way in which the un¬ 
steady body is swung in the remarkable, iliac crotch of the pelvic 
girdle, and at the same time is prevented from jack-knifing together 
by the counterpoising urostyle and the muscles that hold it in 
place. The frog may not have much of a brain but that is all the 
more occasion for taking care of 
what there is of it and not shaking 
it up unnecessarily. 

Among reptiles the differentiation 
of the vertebrae includes several ad¬ 
vances. With the exception of snakes 
and foolless lizards, living repliles 
are characterized by having two 
sacral vertebrae for the attachment 
of t he pelvic girdle and the support 
of the hind legs, while the trunk 
vertebrae become specialized at 
either end into cervical and lumbar 
vertebrae res pec li v el y, bet weei i 

which arc the rib-bearing thoracic 
vertebrae. The lumbar -vertebrae, 
being free from complications of 
ribs, permit a certain amount of twisting in the lumbar region of 
the vertebral column. This is more pronounced in agile carni¬ 
vores than in less active herbivores. Not. all reptiles, however, 
are equally diversified with regard to vertebrae. Snakes, for ex¬ 
ample, lack both cervical and sacral vertebrae with the result 
that the entire vertebral column presents a uniformity in its com¬ 
ponent parts suggesting that found in lishes. 

The vertebrae of birds undergo great, modification in connection 
with adaptation to flight. The caudal vertebrae become much 
reduced in size as well as crowded together and fused. The sac¬ 
ral vertebrae, originally two in number, by reason of substantial 
additions from the lumbar and caudal regions successfully bear 
the entire weight, of the body. The sacrum may include as many as 
23 vertebrae which fuse into a large firm sacral bone , leaving the 
lumbar vertebrae greatly reduced in number. A bird-like fused 
sacrum is also present in bipedal dinosaurs such as Pteranodon and 



B 


Fics. 437. - Pelvic girdle of frog. 
Harm. A, right lateral half; B, 
dorsal view with posterior part 
of vertebral column. a<\, ace¬ 
tabulum; c arl., cartilaginous part 
of pubis; sac. v., sacral vertebra; 
uro, urostyle, or lust vertebra. 
(After Wicdersheim.) 





538 


BIOLOGY OF THE VERTEBRATES 


the ceratopsids. Finally the cervical vertebrae undergo much 
differentiation reaching the maximum number for any vertebrate. 
A flexible neck is a prime necessity for a bird which, lacking hands, 

must pick up all its food either 
with a prehensile beak or with 
the talons of its claws. Even an 
owl can turn its staring eyes in 
any direction because its appar¬ 
ently very short neck has so many 
joints. 

In mammals the cervical ver¬ 
tebrae typically number seven, 
whether the neck is functionally 
absent, as in the whales where 
the cervical vertebrae are all fused together, or conspicuously pres¬ 
ent, as in the bizarre, long-necked giraffes. 

There are four known exceptions to this rule of seven: the 
three-toed sloth, liradypu. s\ has nine cervical vertebrae; the ant- 
bear, Taman dim, eight; while the two-toed sloth, Choloepus, and 
the American sea-cow, Trteheehus, each has 
six. 

The first two cervical vertebrae are further 
specialized into the so-called alias and the axis 
(Fig. 438). The atlas, according to Yesalius, 
takes its name from human anatomy, since in 
man it “bears the weight of the world” upon 
its shoulders in the form of the head after the 
fashion of its classical prototype. Two articular 
surfaces at the base of the skull in mammals, 
the occipital condyles, are in frictional contact 
with two corresponding surfaces on the atlas, 
thus forming a joint that allows for the nod¬ 
ding movements of the head. The atlas is virtually without the 
projecting neural spine of a typical vertebra, and having also lost 
its centrum in consequence is reduced to a bony ring. Its neural 
arch, however, is relatively large. 

The second cervical vertebra, or axis, has a double centrum, its 
own and the lost centrum of the atlas which is fused with it, forming 
a large 1 ; projection, the odontoid, process, that, extends forward toward 
the skull and rests on the floor of the atlas ring. That the odon- 



F i <;. 4 3 9. —■ A 
profile showing 
the vertebra, prom¬ 
inent. 


at 



Fig. 438. -The human atlas, at, 
and the axis, ax. (After Sohotla and 
McMurrieh.) 
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V - Sacral' 
Caudal vertebrae 


Fig. 440.— Sacrum of a human (Vlus 
five months old, showing sacral ribs, 
in black. (After Kallmann.) 


toid process of the axis is really the transformed centrum of the 
atlas, is borne out by two facts, namely, it is in the position of the 
missing centrum of the alias, 
and in fetal life it is entirely 
separate from the axis. 

The articulation between the 
skull and the atlas is the “yes'’ 
joint permitting human beings 
to nod approval, while the atlas- 
axis articulation is the “no” 
joint, by means of which disap¬ 
proval is indicated by shaking 
the head sidewise. The graceful 
up and down movements of the 
head of a playful dolphin in¬ 
volve the whole plunging body 
as well, for these si ill-necked creatures are unable to say “yes” 
in the orthodox cervical fashion, \lodilied cervical vertebrae 
occur also in the burrowing moles, which have the second, third, 

and fourth cervieals fused solidly together, to the 
decided advantage of these subterranean tunneling 
engineers. 

The neural spines of the cervical vertebrae in man 
are frequently more or less forked, a modification 
more apparent in modern civilized races t han among 
Fig. 411. — either primitive races or man's apelike cousins. The 
l h<* h u max S( . ven || 1 cervical vertebra lias the longest neural spine, 

notably so in females. It is unlorked and projects 
backward forming a protuberance under the skin at I he base of 
the neck when the head is bowed forward. For this reason it is 
called the vertebra prominent (Fig. 1.40). 

In the human embryo there are present seven cervical, twelve 
thoracic, live lumbar, live sacral, and four, live, or sometimes as 
many as eight caudal vertebrae, hi the adult the live sacral 
vertebrae, together with the embryonic- sacral ribs, fuse to form a 
single sacrum (Fig. 440). Fsually all I lie caudal vertebrae are 
joined together to make the coccyx, although it is not very 
exceptional for one or two of the most posterior caudal ver¬ 
tebrae to retain their independence (Fig. HI). Rarely the oc¬ 
currence of tails several inches in length, containing degenerate 
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Keu io vertebrae 

□ undifferentiated; DD trunk; [3 caudal; iSl cervical; Hsacral; Hthorauc, S bmbar 

Fig. 442.—Diagram of the differentiation of the vertebrae in representative 

vertebrates. 
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caudal vertebrae, have been authentically reported in adult 
human beings. 

The differentiation of vertebrae in the vertebrate series is visual¬ 
ized diagrammatical! y in Figure 112. 

7. THE EMBRYONIC DEVELOPMENT OF VERTEBRAE 

While the ectodermal nerve cord is being laid down by invagina¬ 
tion above the notochord, along either side of these longitudinal 
structures, hollow mesodermal myotonies, that mark the primitive 
body segments, are putting in an appearance. The separate cav¬ 
ities within myotonies by coalescing together are destined eventu¬ 
ally to form a continuous body cavity. The inner walls of the 
myotomes produce the splanchnic mesoderm that not only sur¬ 
rounds the digestive tube but in the dorsal region also gives rise to 
the muscle plates, while the outer walls, or somatic mesoderm, join 
forces with the ectoderm on the outside to form the two-layered 
integument (Fig. 120). 

Meanwhile wandering mesodermal cells, mesenchyme, break free 
from the outer surfaces of the splanchnic and somatic mesodermal 
masses and invade all the unoccupied spaces outside of the body 
cavity that they can penetrate into. Thus, the notochord becomes 
surrounded by mesenchyme cells forming definite masses known 
as sclerotomes, which in turn produce cartilage and bone. 

Each sclerotome is divided into an anterior and a posterior part 
which as a whole includes eight centers or groups of cartilage cells 
that become arranged in pairs close on the outside of the noto¬ 
chordal sheaths (Fig. 130). These cartilage centers, or ardagen , are 
the first indications of the vertebrae to follow. They are grouped 
in four pairs, two of which, one behind the other, are dorsal in 
position, and two ventral. The two dorsal pairs are called by 
(iadow' interdorsals and basidorsats, while the two ventral pairs are 
named interrentrals and hasivenlrats. These four pairs of cartilage 
anlagen may spread and fuse in various ways wit hin different types 
of vertebrates. Some of them may even vanish entirely in I lie 
course of the subsequent formation of the vertebrae. In most 
vertebrates it is the basidorsals and basiventrals that grow upward 
and downward to form the neural and haemal arches respectively. 
By penetrating through the outside primary sheath of the noto¬ 
chord, and after further expansion and growth, they give rise to the 
centra, constricting the notochordal tissue with rings of cartilage. 
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It takes halves of two adjoining sclerotomes, however, as shown in 
Figure 443, to make one vertebra which, like the embryonic sclero¬ 
tome, is also made up of four pairs 
of skeletogenous anlagen. In this 
manner each myotome becomes in¬ 
volved with two vertebrae. 

Some of the extinct stegocephals 
have vertebrae made up of four 
pairs of distinct and separate 
pieces, while in the tail region of 
the living ganoid Amiu as well as 
of certain other fishes, the verte¬ 
brae arc double for each segment. 
These facts fall into line with 
Gadow’s interpretation of how ver¬ 
tebrae are formed. 

The replacement of notochordal tissue by as many invading, 
cartilaginous rings as there are to be future vertebiae in turn gives 
way to replacement of carLilage by bony tissue in the formation of 
the centra. The process of ossification is not 
at first complete for there is a time when a 
strand of disappearing notochord extends 
through the middle of t he centra, expanding 
between the vertebrae, so that it somewhat 
resembles a chain of beads (Fig. 433). Kven 
in adult mammals traces of the embryonic 
notochord still remain in the core of the 
intervertebral pads that separate the centra 
from each other (Fig. l i t). This persisting 
remnant of the notochord in man is called 
the nucleus pulposus. If it could indulge 
in reminiscence what a story of evolution 
it could tell! 

8. THE E!\TIRE BACKBONE 

The units of the vertebral column when 
taken together are more differentiated 
at either end than in the middle. In the higher vertebrates par¬ 
ticularly notable specialization of the cervical vertebrae is con¬ 
nected with head movement, while the frequent pronounced de- 



Fig. 444.—A long sec¬ 
tion through the centra 
of two vertebrae and. an 
intervertebral disc in 
the center of which the 
last remains of the noto¬ 
chord show as the nu¬ 
cleus pulposus. L.l.a., 
I ig amen f urn long itudi- 
nale anferius; L.l.p., lig¬ 
ament urn long ilud male 
poster ins. (After Gegen- 
baur.) 
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Sclerotome Sclerotome 

Fig. 443. -The basidorsals 
(BD) and the busiventrals (BV) 
are responsible for the anterior 
half of the vertebra, while the in¬ 
terdorsals (ID) and the interven- 
trals (IV) account for the posterior 
half. 
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generation of the caudal vertebrae is apparently an expression of 
disuse. 

The backbone taken as a whole has in general three uses, namely, 
support, protection of the nerve cord, and movement. 

The fund ion of support is what may be called the “backbone” 
function proper. The solid bony axis is arranged lengthwise the 



Fig. 445.-—Skeleton of a hippopotamus with a spine like a clothesline from 

which various parts are suspended. 


body because in this way the greatest number of parts can be con¬ 
veniently accommodated with a sustaining anchorage. In letra- 
pods particularly the spine is like a clothesline from which a 
variety of things are suspended (Fig. 115), 
whereas in bipedal animals like man that 
tip up on end and poise a heavy head on 
top of the vertebral column, the function of 
support is more effectually accomplished 
because of certain adaptive curvatures in 
the backbone which make the column me¬ 
chanically more capable of sustaining weight 
arid at the saipe time more flexible. These 
curvatures, which are due more to modifi¬ 
cations of the padlike fibrous cartilages be¬ 
tween the separate vertebrae than to any 
modification in the shape of the centra that 
are stacked one upon I he other, are less 
pronounced in infants and in primitive races 
than in adult civilized man. This is notice¬ 
ably true of the lumbar curvature (see arrow in Figure 416), that 
gives the typical hollow back to a well-formed man. Babies which 
lack it are flat-backed, like their remote quadrupedal ancestors, 
and are consequently awkward and uncertain on their feet. 



Adult Infant. 

Fig. 446.—Diagrams 
showing the difference 
in the curvature of the 
backbone between an 
infant and an adult. 
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It has been pointed out that the famous cherubs of Raphael’s 
Sistino Madonna are resting their weight upon their elbows be¬ 
cause their spinal curvatures are not yet developed sulliciently to 
bear the weight of their bodies with ease (Fig. 447). 

A second function of t he backbone as a unit is the protection of the 
nerve cord , which is an indispensable cable of great complexity, 
extremely delicate and liable to injury. It is not only ensheathed 
in its own envelopes, the pin mater , araclmoidea , and I lie dura 
mater , but it is also surrounded by protective jackets of fluid and 
is furthermore encased within a bony conduit formed by the neural 
arches of the vertebrae. lvven the backbone itself is overlaid with 
ligaments and buried with its valuable contents so that it. is still 
further protected from outside injury by surrounding muscles and 
fatty tissues. Finally, the whole internal mechanism is effectually 

sealed up within the tough, resistant, 
practically germ-proof skin. 

The third general function of the spi¬ 
nal column is movement and while this 
is relatively slight between any two 
Fks. 41*. -Raphael s cImt- vertebrae, when taken all together it 

libs making jt t'asy lor thoir . . 

undeveloped backbones, amounts to enough to be noticeably 

missed by anyone alllicted with a stiff 
neck or a lame back. There are said to be over 1.10 different artic¬ 
ular surfaces along the length of the human backbone, which 
explains the reason why professional contortionists, and babies 
whose vertebrae are still in the making, are able to demonstrate 
so amazingly the possible flexibility of the vertebral column. 

The pliability of the backbone is largely due to the springy com¬ 
pressible intervertebral discs which make up approximately one 
fourth of the entire length of the vertebral column. These, discs arc 
buffers, like the bumpers between the cars of a railroad train that 
take up the shock of impact. Without them the jolting effort of 
locomotion would affect the central nervous system quite like 
riding in a springless ox-carl instead of in a luxurious automobile. 
A traffic policeman who has been on his feet all day is a measurable 
bit shorter at. night than in the morning because of the packing 
down of the compressible intervertebral discs of his spinal column. 
In old age these discs lose much of their elasticity and in second 
childhood il is no longer feasible to try to imitate a baby that de¬ 
lights in inserting its toes in its mouth. 
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Movement of the spine in turtles is confined to the flexible 
cervical and caudal regions, but in snakes it is uniformly possible 
along the entire length of the body, although the vertebrae are so 
firmly interlaced aud held together by ligaments and muscles that 
these sinuous animals are unable to make abrupt angular bends. 

The caudal part of the backbone exhibits a great variety of 
movements peculiar to different vertebrates and often quite unlike 
the movements of the rest of the backbone. Such movements serve 
a vide range of uses, for example, sculling locomotion in fishes, 
prehension in long-tailed monkeys, removal of annoying insects in 
horses, and expression of the emotions in dogs. 

Some of the tailed lizards have a peculiar joint between two of the 
caudal vertebrae that enables them in an emergency to snap the 
tail oil* when harassed by a pursuing enemy. The part of the tail 
thus sacrificed continues for some time to jerk and bob about, thus 
tending to divert the attention of the pursuer, permitting Hie 
persecuted bob-tailed lizard to escape and grow a new tail in safet y. 

IV. Tin? Thoracic Basket 


1. I IN GENERAL 

The vertebral column, as already pointed out, has to do with the 
tubular dorsal nerve cordr The oilier one of the two essential tubes 
that characterize the vertebrate body, namely, the digestive tube, 
is encircled and protected at least partially by another part of the 
skeleton, the thoracic basket (Fig. 305). This consists primarily 
of the thoracic vertebrae, the ribs, and the breastbone, with I he 
pectoral girdle sometimes playing a supplementary role. 

Since the digestive tube in most, instances is many times longer 
than the body, it is coiled up in a compact mass that requires a 
'‘basket " for its skeletal prolection instead of a straight narrow 
sheath such as is adequate for t he ner\ e cord. 

The thoracic, basket, first comes into its own with life on land in 
the (lass Reptilia, where a true breastbone and encircling ribs are 
present. Tins combination of bones and cartilages, which is hung 
on the anterior part of the skeletal axis, not only encloses a con¬ 
siderable portion of the digestive organs, but also furnishes pro¬ 
tection to other soft viscera, notably the heart and lungs that are 
in great need of skeletal protection. In higher vertebrates still 
other organs, originally contained within the thoracic basket, have 
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lost this protection, either by the contraction or degeneration of 
the structure itself, thus exposing the parts formerly protected, or 
by shifting their position. Liver, spleen, pancreas, and the small 
intestine, much of which is exposed, receive only partial protection 

from the thoracic basket, while the 
kidneys and gonads have migrated 
far posteriorly from their embryonic 
or ancestral posit ion within the basket. 

The thoracic basket in man is 
marked oil* at either end by more or 
less transverse areas, while the sides 
are made up of skeletal elements em¬ 
bedded in muscular walls. The top of 
the basket is a somewhat restrict ed re¬ 
gion, the margin of which is deter¬ 
mined by the lirst thoracic vertebra, 
the first pair of ribs, and the upper 
end of l he breastbone (Fig. 448). This 
enclosed space marks a narrow 
passage-way through which there are 
crowded side by side various struc¬ 
tures, providing for traffic between 
the head and trunk (Fig. 419). There 
is first tin 4 trachea , connecting the im¬ 
prisoned lungs with the outside world; 
next, tlie esophagus , that passes along 
food and drink, placing it safely be¬ 
yond normal recall; the vagus nerves, 
wandering far from their headquarters 
in the brain to supply the distant vis¬ 
cera below; the large carotid arteries 
and jugular veins , which collect and 
distribute the blood of the head; and 
finally, a loop of the thoracic dud , that 



Fig. 448.—The backbone, 
thoracic* basket, and girdles. 
(After Sir Charles Bell, 1818. 
W. P.) 


brings back into the confines of the venous system escaped white 
blood cells from their peregrinations throughout the tissues of the 
body. 

The floor of t he basket, which in man is larger than the top area, 
is bounded behind by the last thoracic vertebra together with the 
short twelfth pair of floating ribs attached thereto. On the sides 
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and in front the margins of the floor are determined by the tips of 
the tenth and eleventh pairs of ribs and by the cartilages of other 
posterior ribs that attach the latter to the breastbone, as well as by 


the lower end of the breastbone itself. The floor is also closed 
crosvswise by the vaulted diaphragm which separates the cavities 
containing the lungs and heart 
above from the body cavity 
below. This partition, or floor, 
of the thoracic basket tends to 
slope backward from the ster¬ 
num towards the backbone, 
while the slant of the margin 
around the space marking the 
smaller top of the basket slopes 
upward from the sternum to¬ 
wards the backbone, since the 
sternal length is shorter than 
the vertebral length. 

In general, therefore, the 
contour of the whole basket is somewhat cone-shaped with the 
smaller, upper end towards the head. 

The space within the thoracic basket is partially divided into 
right and left spaces bulging dorsally like bay windows from the 
general cavity, since the upright column formed by the centra of 
the vertebrae, stacked one upon the other, stands out into the 

cavity, thus serving to a 
certain degree as a longi¬ 
tudinal partition. Within 
these lateral enlargements 
are x>acked the lungs. The 
heart lies midway between 
the lungs instead of far 
over on the left side as 
melodramatic actors are 




Fig. 449. —Diagram of the opening 
at the top of the thoracic basket, as 
seen from above*,. St, sternum; Car, 
carotid artery; Tr, trachea; Oe, eso¬ 
phagus; Cl, clavicle; 1st H, first rib; 
V, vertebra; Sc, scapula. (After 
Witkowski.) 


Fig. 450. —Cross sections through the 
thorax of. A, a human embryo, and B, a 
human adult. The former resembles that 
of a quadruped. (After Wiedersheim.) 


wont to indicate. 

When compared in cross 
section the shape of the 
thorax of the human em¬ 


bryo is seen to be decidedly different from that of the adult 
(Fig. 450). In the embryo the dorso-ventral diameter exceeds 
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that, from side to side. In the human adult, on the contrary, where 
the visceral weight- exerts a pull parallel to the backbone instead 
of at right angles to it, the greater diameter of the basket is no 
longer dorso-veiitral, but from one side to the other. The general 
shape of the thorax can be modified by gymnastic and military 
exercises, by tight, lacing, and by pathological conditions sucli as 
are induced, for example, by rickets or tuberculosis. 

Quadrupeds in general resemble the human embryo with respect 
to the relative dimensions of the thoracic 1 , basket, which are cor¬ 
related with the weight of the hanging viscera that exert a mechan¬ 
ical pull downward from the backbone towards the sternum. Rep¬ 
tiles whose bellies drag upon the ground, as well as such animals 
as sirenians and cetaceans whose viscera are supported in part by 
the surrounding medium of water, have a flattened thoracic basket 
like that of adult bipeds. 


2. RIBS 

The ribs, which have been of particular human interest ever 
since the days of the Garden of Kden, are the most conspicuous 

part of the thoracic basket. They vary in 
length from mere immovable tips attached 
to the transverse processes of the vertebrae 
to hooplike bands of bone entirely encir¬ 
cling the body. Primitively and embryologi- 
cally there is a pair of ribs for every ver¬ 
tebra from axis to tail. Some fishes have 
two pairs to a single vertebra. The general 
tendency, however, both ontogenetically 
and ph>logciietically, is towards a reduc¬ 
tion in number at either end of the series. 

It is known that the ribs of all verte¬ 
brates are not, homologous structures, since 
some of them arise in the sheaths of con- 
right, bony ril), seen iicctivc tissue that separate the metameric 
irom below. (Alter muscles of the body wall from each other, 
Cunningham.) becoming secondarily connected with the 

vertebrae, while in other instances they grow out from the trans¬ 
verse processes of the vertebrae. 

A typical human rib is a somewhat flattened bone so bent arid 
twisted that it cannot be made to lie flat without rocking back and 
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forth when placed on a table (Fig. 451). Its slender and somewhat 
elastic main body is pieced out at the sternal end in mammals with 
a flexible cartilage, not shown in the figure. At the dorsal end, 
which joins the thoracic vertebra in two places, are two promi¬ 
nences known as the head and tubercle respectively, separated 
from each other by the neck which is slightly narrower than the 
body , or the main part of the rib. Both 
head and tubercle bear articular facets by 
means of which the rib plays upon its ver¬ 
tebral support, maintaining its attachment 
with a minimum ot muscular equipment. 

Along the inner margin of each rib, 
for a part of its length at least, is a shal¬ 
low groove, the sulcus , within the protec¬ 
tion of which a vein, an artery, and a 
nerve lie parallel to each other in har¬ 
monious safety. 

There are normally t welve pairs of ribs 
in man (Fig. 452), although much evi¬ 
dence from comparative anatomy, as well 
as from embryology, supports the conclu¬ 
sion that the ancestors of modern man 
had more. That reduction in the length Fir. 4o2.—rhe ^(^cicbas- 

ol ribs is going on is indicated by their 

obvious degeneration in the posterior region of the thoracic basket, 
where at least two pairs fail to reach the sternum. 

To understand the nature of this degeneration it should be 
stated that all the ribs articulate at one end wit li thoracic vertebrae, 
while at the other end only the first seven pairs, or true ribs , join 
the sternum. The remaining five pairs are known as false ribs. Of 
these the eighth, ninth, and tenth secure anchorage to the sternum 
indirectly by means of the cartilages of the seventh pair of true 
ribs. Ordinarily the eleventh and twelfth pairs, which are called 
floating ribs, have so far degenerated that they only partially en¬ 
circle the body, thus failing to make even a vicarious attachment 
to the sternum. 

The ribs of man, therefore, increase in length from the first to 
the seventh or eighth pairs and then successively decrease to the 
twelfth pair, which may be reduced to mere stubs hardly more than 
an inch long. 
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In medical literature numerous cases are cited of extra human 
ribs, either at the cervical or at the lumbar ends of the Ihoiacic 

series, persisting in adult life. Instances are 
given of a pair of ribs attached to the seventh 
cervical vertebra, that completely encircled the 
upper area of the thoracic basket, joining the 
sternum quite after the manner of true ribs. 
Persistent cervical ribs, however, are more fre¬ 
quently incomplete, failing of direct sternal at- 
Fig. 453.- Almor- tachment (Fig. -153). On the other hand, the 

mat ribs (in hlack) {j rs f j r () |* || U)rac j c r jt )S m uy sometimes be ill- 

on the seventh eer- ... 

vic»l vertebra of an complete (fig. L>1), resulting in a subnormal 

adult inclividual. number. Additional ribs are of more frequent 

(Alter Letiouoq.) occurrence on the first lumbar vertebra than in 

the cervical region. Extra lumbar ribs when they appear are 

called “gorilla ribs'’ because they represent the normal condition 

in gorillas and chimpanzees. The closely related gibbons among 

the apes normally have fourteen pairs, 

while I he orang-utans, like their human 

kin, have only twelve. The anatomist. 

Rabl in a report upon ft 10 human bodies 

examined in the dissecting rooms of the 

University of Prague sa>s that he found 

forty of them, or a little 4 more than six per 

cent, with a gorilla rib on at least one __ 

. | rn , i'il /1/\l 1 I 1 r T(». H (-duel .Oil ol 

side. 1 wo out ol the (.10 had only eleven th( . )irst pair <)f rihs (ill 
pairs of l ibs. black) in an adult individ- 

(lorilla ribs are about three times more lm ** ^ ' ligament.: S, slor- 

ire(|iienl m ll.e Iniman male Ilian in the ri|j; U| M . v( ,. ni( , (1 
female, a fact, diflicult to harmonize with vertebra: I. IJ, first and 
Adam’s historic loss. Albert 11 s Magnus S( ‘ ron< l thoracic vertebral 4 . 
(11 ( )8* 1280), who did not. always base L* bmicq.) 

his auatomieal conclusions upon direct observation, discusses 
very learnedly the supposed discrepancy in the number of ribs in 
the two sexes. 

With respect to length, the eleventh pair of floating ribs varies 
from six to eleven inches, while the twelfth pair, ranging from mere 
stubs less than an inch long to approximately a foot in length, may 
nearly encircle the body. 

In fetal life ribs are not only present, upon the seventh cervical 
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vertebra but also upon all the lumbar vertebrae (Fig. 455L More¬ 
over, rudiments of ribs, which afterwards fuse with the centra to 
form the lateral masses of the sacrum, are attached to the sacral 
vertebrae (Fig. 440). 

Ribless vertebrates include amphioxus, the cycloslomes, holo- 
cephalans, skates, and such lophobranchs as Syngnalhus and Hip¬ 
pocampus among the teleost fishes. In the 
ganoid Polyodon , the ribs are quile vestigial. 

Among other fishes there are two sorts of 
ribs of diverse origin, namely, haemal, and 
pleural ribs, both of which are connected at 
one end with the vertebral column, although 
entirely unattached at the other end in the 
absence of a sternum (Fig. 456). 

Haemal ribs , which are the more primitive, 
simply represent vertebral haemal arches an¬ 
terior to the anus, that have spread apart 
enough to incompletely encircle the body 
cavity (Fig. 456, C). They lie entirely inside 
the muscles of the body wall, next to the peri¬ 
toneal lining of the body cavity and are, 
therefore, appropriately termed “ventral 

ribs/’ The ribs of the dipnoi, as well as of tll ° ,liml)ar ver ~ 

. . ! . , P xl . , tebrae; Ihe sacrum; 

most teleosts and ganoids, are ol this charac¬ 
ter. 

Pleural ribs , on the other hand, grow out 
from the transverse processes of the verte¬ 
brae, and extend between the dorsal and 
ventral groups of muscles that, form the body wall (Fig. 156, A). 
They are consequently called “dorsal ribs" in contrast to the 
“ventral ribs" of haemal origin. Most elasmobranchs, together 
with all vertebrates above fishes, have pleural or dorsal ribs. In 
elasmobranchs and amphibians these are short and insignificant 
but, beginning with reptiles, they become longer, in many in¬ 
stances encircling the body cavity and joining at the ventral ends 
with the breastbone to form a complete thoracic basket. 

There are a few fishes, notably the ganoid Poly pier us, and certain 
clupeoid and salmonoid teleosts, which have both haemal and 
pleural ribs, one outside the other (Fig. 456, IS), making two pairs 
of ribs to each vertebra. In the evolutionary story of the ribs these 



Fig. 455.—A part 
of (he thoracic verte- 


and the coccyx, with 

embryonic lumbar 

* 

ribs, represented on 
one side in black. 
(After Wiedersheiru.) 
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fishes, therefore, may be regarded as connecting links between the 
haemal type of the lower vertebrates and the pleural type higher up. 

Amphibian ribs are pleural in character, although they are 
never more than mere stubs. In caudates they are present even on 



Fig. 456.—Diagrams of the three types of ribs. A, clasmobranch with pleural 
ribs; B, ganoid with both pleural and haemal ribs; C, tele< st with haemal ribs. 
(After Coppert.) 



the caudal vertebrae, but in no modern amphibia do they encir¬ 
cle the body cavity. The fossil stegoccphals had strong well- 
developed ribs, but there is considerable doubt as to whether these 

ancient animals were the direct ancestors 
of amphibians living today. If they were, 
the reduced ribs of modern amphibians are 
to be regarded as vestigial rather than as 
primitive structures. 

The short ribs of caudates are forked at 
their proximal ends like a letter Y, thus 
having two points of attachment to the 
vertebra (Fig. 457), in that way forming a 
passage-way between the fork and the ver¬ 
tebra, called the vertebrarterial canal. A 
similar canal persists in mammals and even 
in man, where one branch of the fork be¬ 
comes the “head” and the other the “tubercle” of the rib (Figs. 
451 and 458), thus preventing the large vertebral artery that lies 
therein from being disturbed when the neck is stretched or twisted 
about. 


Fig. 457.—A vertebra 
with two ribs (in black) 
of a salamander, show¬ 
ing the primitive double 
articulation of ribs to 
vertebrae. (After Ge- 
genbaur.) 
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The ribs of the Salientia are not forked, and appear as small 
immovable tips attached to the transverse processes of the 
vertebrae. 

Among reptiles the ribs found in lizards and crocodiles are most 
typical, becoming differentiated into 
a dorsal bony vertebral part, homolo¬ 
gous to the rib of the caudate, and a 
ventral cartilaginous segment that 
attaches to the sternum, which is 
something entirely new in costal de¬ 



vices. Some lizards and crocodiles Fig. 458. — Diagram to show 
even have a third bony segment in- stipulation of. R a rib on 

tercalated between these two parts, transverse process of a verte- 
Since there is no sternum in snakes hra, Tr.P, thus forming the 
all the ribs are “floating,” which ™T h ' a \ teT } al cana1 ’ V C ‘ 
makes it possible for them to aid (AftcPWebwJ 
materially in locomotion, because the snake grips the ground with 
its ventral scales and with the ends of its movable floating ribs. 

Turtles do not have cartilaginous 
neural arch s ^ erna j elements in their ribs. Instead, 

the bony vertebral parts, which flat¬ 
ten out and join together, are over¬ 
laid by dermal costal plates to form 

Fig. 459. Cross section y ie shell (Fig. 459). In Sphenodon , 
through the carapace of a . . 4tl . . « 

turtle. (After Huxley.) lliaf bvlT1 P fossl1 llzard of New 

Zealand, there are several unusual 


Costal plate 



rib 

•^marginal plate 


ribs in the tail region, which suggests an ancestral prodigality of 


ribs not characteristic of more modern vertebrates. 

As might, be expected, birds present extreme modifications in 
their ribs. Both the sternal and vertebral parts are entirely ossified, 
making a firm but withal expansible thoracic basket for the attach¬ 
ment of the powerful muscles of flight. This necessary firmness or 
solidarity is further enhanced by the fact that most of the ribs are 
“true,” that, is, connected with the sternum, while in the sacral 
region the ribs fuse solidly with the vertebrae to form the large 
strong characteristic “backpiece,” or sacral complex, that is so 
effective in the support of the body weight. The ribs of birds are 
thin and flat, affording ample surface for muscle attachment, and 
in addition they are usually provided with light flat supplementary 
cross bones, or uncinate processes (Fig. 460), whicli serve to splice 
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the ribs of the thoracic basket together into a firm resistant unit 
for the attachment of flight muscles. 

In Archaeopteryx, the oldest known fossil bird, the ribs were 


rounded instead of flat, like those of lizards, and lacked uncinate 

processes, although Sphenodon, croc¬ 
odiles, and some fossil reptiles, such 
as Kryops, show these supplementary 
costal inventions. 

In mammals the ventral-distal, or 
sternal, part of the ribs remains carti¬ 
laginous in adult life, thus allowing 
greater freedom in respiratory move¬ 
ments. The total number of ribs in 
mammals varies from nine pairs in the 
bottle-nosed whale, Ilyperoodon , to 
twenty-four in the primitive two-toed 
sloth, Chotoepus , of South America, 

^ 4/ . A » , r which finds an elongated thoracic bas- 

r Ifi. 460.--A part ol I lie ^ 

skeleton of a goose, showing kef. useful since it spends most of its 

uncinat e processes, u, and lime suspended upside down from the 
the breastbone will a keel, k. j. » o . 

..... , • , v limbs ot trees. 

(Alter Kingsley.) 

True ribs, that reach the sternum 
directly by means of their own cartilage segments, vary from two 
pairs in the sea-cow Trieheehus , to ten pairs in the agile spider 
monkey A teles. 



3. 


THE STERNUM, 


OR BREASTBONE 


As contrasted with the backbone t he frontbone, or sternum, is the 
terrestrial part of the thoracic basket, that is it appears first in 
the evolutionary history of vertebrates that loconiote on land. 

The need of such a strengthening structure to knit together the 
whole thoracic basket into a linn skeletal unit on which the muscles 


of the anterior legs or arms may find suitable anchorage, is not 
apparent, for the more primitive water-dwellers like fishes that go 
forward by lateral tail motion rather than by the leverage of bi¬ 
lateral appendages. 

Not only lishes are devoid of any kind of sternal apparatus, but 
also some of the lowest caudal.es, for instance, Proteus and Am- 
phiuma, as well as the footless caccilians, snakes, and turtles. 

The true sternum, or neoslernuni, is introduced into the verte- 
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brate series with Ihe advent of the reptiles. Certain additional 
sternal structures, variously designated as archi -, omo-, xiphi -, epi-, 
and puruslernurn , put in their appearance in dilFercnl animals, not 
only as devices supplementary to the neoslernum but, in water- 
dwelling amphibians, even as independent noil-homologous struc¬ 
tures. 

For example, the intermuscular connective tissues along the 
ventral region between Ihe front legs in higher emulates give way 
to the cartilaginous formation of a primitive 
skeletal element known as the urcliistermwi 
(Fig. 461), the indefinite and irregular begin¬ 
nings of which, according to Wilder, iirsl appear 
in the lowly mud puppy Wrclunis. The archi- 
slernum is a structure entirely out of touch with 
the vertebral column, since no ribs of sufficient 
length to span the distance to the ventral side 
have yet been evolved. The anhislenmm dc»r. <*<>, mrarnid; 

reaches its greatest development in the Salientia, {**’ pmrorm-oid, h, 
. . , .. . iii immmis: s, srap- 

where it becomes a delinile skelela! structure, yi \. r ss S npia-scap- 

incorporating with itself on either side Ihe per- ata, si, nrrhish*r- 

toral girdles which bear the front legs (Fig. 162). 

In frogs and toads the main pari of the archi- 

sternum becomes bony,.with an expanded posterior cartilaginous 

addition called the xiphislernam , and anteriorly another skeletal 



it. 

Fio. 1<>l. - Dia¬ 
gram ol Iiu* perioral 
girdle ot a salaman- 


num. (Alter Wie- 
dersheim.) 


paraglenoid 

C« 3 riii*SgC 



. Suprascapula 

mosternum 7 ^ 


clavicle sc ® p 



epicoracoid.^ 
cartilage J 



oracoid 

-archistemum 


Fjg. 402. 


-xiphisternuin 

•Venlrul view of shoulder girdle and sternal apparatus, flattened 
out, of a frog. (After (ianpp.) 


element, the owosternum , which is partly bony and partly carti¬ 
laginous, making all together a continuous median skeletal support 
for the front legs. This whole sternal complex is held in place by 
muscles instead of by direct articulation with the backbone, so 
that when the muscles are severed the entire apparatus, together 
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Supra-scapula 
/Clavicle 

scapula 
^•pisfccmOfD 

plflnoid 
~ Q cavity 

---Coracoid 

—sternum 

^rit>6 


Fig. 4 63. — Fenes¬ 
trated shoulder girdle 
of an iguana. (After 
W. k. Parker.) 


with the attached front legs, may be slipped off over the head like 
a ring from a linger, without parting a single joint or articulation. 

In addition to the neosternum, which is 
laid down primarily as cartilage to be later 
replaced by bone, there is present in croco¬ 
diles and certain lizards an extra T-shaped 
investing bone which overlies the neoster¬ 
num. This is the epi sternum , or interclavicle 
(Fig. 463). It occurs also 
in the stogocephals and 
many fossil reptiles, as 
well as in some living rep¬ 
tiles, and in the rnono- 
tremes among mammals. It 
may possibly correspond 
to the plastron of turtles, 
or the carina (see below) on the neosternum of 
birds, although its homology is uncertain. 

A further skeletal support, is developed in croc¬ 
odiles and alligators, in Sphenodon and some 
other lizards, as well as in the stegocephals among 
amphibians, and in Archaeopteryx among birds. 

This is the parastermim , which consists of a series 
of slatlike “abdominal ribs” {(justralia), formed 
in the connective tissue between the muscles on 
either side of the mid-ventral line posterior to 
the thoracic basket (Fig. 161). Such a bony grill- 
work is undoubtedly adapted to furnish skeletal parasternum of 
support for the belly of a heavy beast as it is alligator. E, opi- 

dragged over the ground. acrid; N , ni!0Slcr . 

Birds have a large neosternum of replacing niirn; i\ % r ibs; P, 
bone that affords attachment for the pectoral parasternum; a 

muscVs o! Witfhv. *k is spread, out ftaY m T\TB- Xiiara- 

ning birds (ratilates), but in all living birds sternum; Pel., pd- 

(carinates), a carina , or keel, projects at right vis; Is, ischium. 

angles to the breastbone proper, furnishing con- (After ( jC 8 en 

, , baur.) 

^juuscle attach- 

tbones of an al- 
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is necessary to enable the tiny hummingbird to maintain its 
marvelous vibrating wing movements, which are so rapid that 
the wings themselves, like 
the spokes of a swiftly rotat¬ 
ing wheel, blend out of sight. 

A carina is also a charac- V 

teristic of extinct fLying rep¬ 
tiles (pterodactyls) as well as ) H 

of flying bats, and in burrow¬ 
ing moles among mammals, 

although in I his latter case il C "' nf,il . ,ison <’!' k<1 ' 1 ()f 

x x . I , albatross, A, pigeon, P, and luirn- 

1S probably not homologous mingbird, IT, supposing all to have an 
with the Carina of birds. equal spread of wing. (From Beebe, alter 

Embryologically the neo- Lurus ^ 
sternum of mammals is formed by fusion of the cartilaginous dis¬ 
tal lips of the ribs. These separate anlagen may ossify into a 

common, median plate of bone, as in man, 
or they may form, as in the case of mam¬ 
mals generally, a series of bony sterncbrae 





cartilages of a wolf, 
showing separate 
stem f'brae. (After 
Scott.) 


Fig. 467.—Pectoral girdle of 
Orn it horhyrwh us. (Drawn from 
specimen in the collection al 

Brown University by Dorcas 

Huger ) 


0 bb 466) that alternate with the cartilaginous ends of the ribs. 

?/l tnonotremes the neosternum is reinforced by a T-shaped 

fern urn (Fig. 467), thus harking back to reptilian forebears. 

* 11 the human adult the sternum consists of three parts, namely, 

£nianubrium), the body (gladiolus), and the xiphoid or 
. 46 $). Of VViese parts the, first tw o are formed. 


tMUStSb..ri a5L 
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of hone, and t he last, as ils name implies, of cartilage. In the human 
embryo the sternum is made up of a double chain of cartilaginous 

elements that eventually fuse 
and ossify to make the adult 
structure (Fig. 169). J Is super¬ 
ficial resemblance to a Roman 
sword explains why the names 
“manubrium/’ or hand-grip, 
and “gladiolus” and “ensi- 
form/’ both of which signify a 
sword, were applied to its com¬ 
ponent purls by the early anat¬ 
omists. 




Fig. 46 1 ).—Ventral 
view of the developing 
sternum of a human em¬ 
bryo, 30 mm. in length. 


(L clavicle; SS. supra- 

Further confirmation of the eternal cartilage; SB, 

stcniul bar; R, seventh 


bilateral origin of the sternum 


ril>. (After Huge.) 


Fin. 468.— 
The adult hu¬ 
man sternum. 
M . m a n u - 
b r i u m ; (\ , 
gladiolus; 
xiphoid pro¬ 
cess. (After 
Spnlteholz.) 



is found in the fact that I wo 
parallel rows of ossifications occur in the bony parts 
of the sternum (Fig. 170), while tiie ensiform car¬ 
tilage is forked as if of double origin, 
or is perforated by a functionless 
foramen. 

Sixteen articular surfaces for the 
ribs are present on the human ster¬ 
num (Fig. 468), of which twelve are along the sides 
for the cartilages of the true ribs; two on the 
manubrium for the attachment of the clavicles or 
collar-bones; one pair at the junction between the 
manubrium and the gladiolus; and one pair between Fig. 470.— 
the gladiolus and the ensiform cartilage. This ar- Sternum of a 
rangement allows for considerable play in respira- of^ssb 

tory movements. lira l ion. Seven 

The shortening of the human sternum, which re- rilis arc attached 

suits in the conspicuous notch on the front side of he 

the thoracic basket, follows the fusion of the ster- left. (After 
nebrae and the consequent disappearance of the Alarkowski, in 
intersternebral cartilages. It goes further in the j^^ nianiiS ^ 
female than in the male, thus allowing a relatively 
larger unhampered space between the sternum and the pelvis for 
the accommodation of a possible fetus during pregnancy. 
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V. The Skull 

When one takes in his hand a bare human skull (Fig. 471), 
which during life was never exposed to the light of day, and views 
it thoughtfully from all angles, as Hamlet viewed poor Yorick’s 
skull, it invites contemplation. Only the uninitiated and thought¬ 
less shudder and turn away. The moralist is reminded of the in¬ 
evitable end of every human life; 
the artist sees in it a complex of 
continuous curving lines that spell 
grace and beauty; while the com¬ 
parative anatomist realizes that 
he has before him the culmination 
of countless adaptations, the age¬ 
long grist of a tireless evolution¬ 
ary mill. 

The skull of higher vertebrates 
is a double structure, as shown by 
its embryology and morphology, 
as well as by its physiology, and 
its biological study should be un¬ 
dertaken from these three aspects. 

Embry ologi rally it is made up 
of two sets of bones of diverse 
origin, an outer and an inner set 

supplementing each other. In the F,G * 171.-Face view of human 

_ , n I * . .i . skull. (After Spalleholz.) 

course ol development these two 1 ' 

kinds of bony elements fuse together into a unified w hole and are 

no longer distinguishable as of two kinds. 

Morphologically one skull of the double structure, the neuro¬ 
cranium , surrounds the brain end of the neural lube, while the 
other, the splanchnocranium , similarly encircles the anterior end 
of the splanchnic tube, or the digestive tract (Fig. 238). 

Physiologically , the two fundamental functions of support and 
protection are both provided for by the skull, so that it may truly 
be said to serve a double purpose. 



1. THE EVOLUTION OF TIIE BRAIN CASE 

A complete sketch of the rise and union of these two embry¬ 
onic skulls that become one in adult life may, lor clearness of 
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description, be divided into a series of arbitrary stages that pass 
continuously from one into the other. These stages are fairly well 

represented in the adult condition of various 
vertebrate types, extinct as well as living, and 
although they have their counterpart in the 
developmental stages of the human skull, the 
parallel is by no means exact or complete. 

Beginning with the notochordal stage one 
observes that just as the brain lags behind the 
formation of the nerve cord, so the first evi¬ 
dences of a future skull do not appear until 
after the notochord is well established. Before 
any skeletal elements except the notochord are 
present, a thin, tough, 
rounds the brain, which 
is later replaced by the 
dura mater and by the 
skull itself. There are 
also present three pairs 
of conspicuous sense or¬ 
gans, arranged along the 
sides of the brain like 
devices on the instru¬ 
ment board in an auto¬ 
mobile. These are the 
olfactory pits, eyes, and 
ears (Fig. ‘172). 

At this early stage the 
anterior enlargement of 
the nerve cord, that is 
destined to become the brain, extends hori¬ 
zontally in front of and beyond the end of 
the notochord without any skeletal plat¬ 
form to support it. This urgent need is 
soon met, however, in the underpinning 
stage by the appearance of t wo pairs of inde¬ 
pendent flat cartilages that form not only a 
sort of floor upon which the rapidly developing brain may rest, but 
also furnish something solid to which the important jaw muscles 
can be attached. 


membranous sac sur- 



Fig. 473.— Diagram of 
the underpinning stage of 
skull development, seen 
from ilic ventral side. 
The 1 train now rests upon 
T, the trabeculae, and P, 
the paraehordals, while 
each pair of sense organs 
is supported by skeletal 
parts (in black). (After 
Wilder.) 



Fir;. 472. -Dia¬ 
gram of the noto¬ 
chordal stage of 
skull development, 
seen from Ihe ven¬ 
tral side. The noto¬ 
chord (dotted) lies 
along the n e r v e 
cord and brain as 
far forward as IT, 
the hypophysis. 
Three pairs of sense, 
organs, nose, eye, 
and ear, hove 4 ap¬ 
peared, hut as yet 
are without skeletal 
support. (A f t e r 
Wilder.) 
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One pair of these cartilages, the parachordals , is placed under the 
brain with their posterior ends lying on either side of the tip end of 
the notochord, while the posit ion of the other 
pair, the trabeculae , is more anterior (Fig. 

473). The four primitive cartilaginous floor¬ 
boards thus laid down arc at first quite in¬ 
dependent, not only of each other, but also 
of the end of the intruding notochord, and of 
the six sense organs, now enclosed in deli¬ 
cate capsules of cartilage. Marginal growth, 
however, speedily results in their coming into 
contact and eventually coalescing as a single 
continuous [date which encloses at its pos¬ 
terior end (he tip of the notochord and, along 
its lateral margins, the olfactory, optic, and 
otic capsules. This constitutes the fusion 
stage (Fig. 474). 

The manner of fusion with the sense or¬ 



gan capsules is different, in the case of each 
pair, due to the fundamental difference in 
the kinds of stimuli that the various future 
sense organs are destined to receive. Thus, 
the otic capsules of the inner ears, which are 
attuned to respond to vibratory contact with 
sound waves that can be transmitted easily 
through an enveloping protective case, are 
entirely surrounded by and embedded in 
skeletal cartilage. 

The eyeball capsules , on the other hand, 
which need to be able to rotate freely within 
their future orbital cavities in order to be 


Fin. 474. —Diagram of 
the fusion stage of skull 
development, seen from 
the ventral side, 'the 
parachordals and tra¬ 
beculae have fused to¬ 
gether into a continuous 
platform involving the 
cartilage supports of the 
nose and ears and the 
end of the notochord, 
while those of the (‘yes 
remain independent in 
the form of the sclerotic 
layers of the eyeballs, 
thus making possible the 
movement of the eye- 


directed towards light coming from any di- halls within the orbits, 
rection, do not fuse at all with the rest of ( A,t .cw Wildur.) 
the skull but retain their independence in the form of the outer 
tough sclerotic coal of the eyeballs. 

Lastly, the capsules of the olfactory pits fuse solidly on their pos¬ 
terior and inner surfaces with the skull itself, although perforated 
by the brushlike olfactory nerves from behind. On their outer 
surfaces, therefore, they remain open like cups for the reception of 
odorous gases, since these chemical stimuli, in order to produce a 
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reaction, must come into direct contact with the nerve endings 
within the cups. 

The platform thus assembled by fusion serves not only for sup¬ 
port but also as protection for the brain on its under side. The 

protective function is 
soon extended to in- 
— elude the sides of the 

V i ; ,brain by (he growth up¬ 
ward of the platform at 
Fig. 475.-I Fpp-owlh stage of skull development. j, s ed and j,, l, elween 
as seen from the side. (Alter Rome.) 

the sense organ capsules 
(Fig. 475). This is the upgrowth stage in which the roofless skull 
somewhat resembles a deep spoon in the bowl of which the brain 
lies. 

Growth at the margin of the developing cartilaginous skull case 
continues until the edges meet above and fuse together in the 
roofing-over stage , thus completing, at least in 
primitive vertebrates, a protective skeletal 
envelope on all sides of I lie brain. The skull 
of the dogfish, for example (Fig. 476), is a con¬ 
tinuous cartilaginous casket surrounding the 
brain, witli no sutures to demark its separate 
components. It is pierced by various small 
foramina through which the cranial nerves 
find exit and blood vessels pass in and out, 
while at its posterior end there is a large con¬ 
spicuous opening, the foramen magnum , 
through which the nerve cord extends, expand¬ 
ing into the brain. It frequently happens, 
particularly among higher vertebrates like 
man, that the roofing-over with cartilage is 
not. accomplished as completely as in the prim¬ 
itive skull of elasmobranchs, with the result dogfish, showing a 
that a different sort, of a roof is developed, continuous^ cartilugin- 

Thus for only the formation of the inner 
skull has been touched upon. The stages t hat 
follow concern the origin of the outer skull , and the final modifica¬ 
tion and fusion of the two .skulls into one. 

After the formation of the inner cartilaginous envelope just 
described, or even before that process is complete, the inner skull 



Fjg. 476. —Dorsal 
view of the skull of a 


oils capsule without 
sutures. 
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becomes partially overlaid by certain definite bony elements which 
are not previously marked out in cartilage but instead are formed 
diredly as bone oul of dermal membrane. This may be called the 
shingling stage. Ordinarily t he bony “shingles’’ do not fuse together 
so completely as to lose their identity, but rather join, each one to 
its neighbors, by means of clearly defined immovable joints, or 
sutures, together constituting the outer skull. 

In cartilaginous ganoids, or Chondrostei, 
such as the sturgeon Acipenser (Fig. 177), 
these outer skull bones are small, numerous, 
and quite scalelike in character. In fact they 
are scales that cover the head and they are in 
no essential way different, except in their 
somewhat, enlarged size, from other scales 
that cover the body. The outer skull, there¬ 
fore, makes its initial appearance as an e\o- 
skelctal armor of separate scaly plates, loosely 
shingled over the inner cartilaginous brain- 
box. 

Centers of ossification, forming the ossifica¬ 
tion stage , soon appear in the inner cartilagin¬ 
ous skull, particularly around the foramina 
for the exit- of the delicate nerves where pro¬ 
tection is especially needed. What was at lirst 
a continuous cartilaginous encasement for the 
brain lInis becomes gradually replaced by 
definite separate bones, w hich increase rapidly 
at their margins, thus allowing the entire structure to accom¬ 
modate itself to the enlarging brain within. Finally, the new 
replacing bones of the inner skull, like the scaly investing bones 
of the outer skull, join togelher in sutures and fusions. Skulls 
in this stage of development occur principally among the bony 
ganoids of which there were abundant species in Devonian times. 
The bowfin, or Arnia (Fig. 478), is a modern representative. The 
process of ossification of the inner skull, initiated in the ganoids, 
is more completely carried out in amphibians and reptiles. Fossil 
skulls of lower vertebrates leave much to be desired by way of 
supplementing our einbryologieal knowledge of the course of events 
for the reason that usually the important cartilaginous parts have 
not been preserved. 



Fig. 477.—The skull 
of a sturgeon, Acipen¬ 
ser, showing the inner 
cartilaginous skull 
(dotted) and the outer 
skull of bony scales. 
(After (iegenbaur.) 
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Following the ossification of the cartilaginous inner skull, the 
outer dermal skull bones sink deeper in from their former external 
scalelike position, and, becoming overlaid with skin, are grafted 
inseparably to the bones of the inner skull. This is the union stage. 
A single skull is now all that is visible, for there is no way, except 
by tracing the mode of origin, to distinguish the investing bones of 
the outer skull from the replacing bones of the inner skull, since 
both present the same appearance as to text ure. Those embryonic 

stages of the union of 
two skulls in vertebrates 
arc paralleled by the 
adult skulls of various 
amphibians and reptiles. 
The two skulls of the 
union stage are not 



Fig. 478.—Skull of o ganoid fish, Amia , as 
seen from the dorsal side, with the investing 
bones removed from the right, half. ( Investing 
bones in white: curtilage in parallel liues; 
replacing bones, ossifying out of cartilage, 
dotted.) PM, premaxillary; JN, nasal; PKF, 
prefrontal; M, maxillary; F, frontal; PF, 
postfrontal; J, jugal; PC), postorbitul; PRO, 
preopereular; Op, opercular; Sq, squamosal; 
P, parietal; SO, supraoccipital; KO, exoo 
cipital. (After Biitschli.) 


brought in all cases into 
such close contact, with 
each other that their dual 
character is obliterated. 
In the turtle (Fig. 496) 
for example the double¬ 
ness of the skull is evi¬ 
dent, although the inner 
part immediately around 
the brain and the vaulted roof above it do not strictly correspond 
to the inner and outer skulls described by the embryologist. The 
outer roof of the turtle’s skull is large in order to provide for the 
adequate attachment of the head muscles rather than to accom¬ 
modate the brain, which is disappointingly small. 

The final phase in the embryonic development of the cranium is 
the bone-complex stage. It results from the fusion of neighboring 
bones into complexes that thereafter pass for single bones. Thus, 
the sphenoid bone in the adult human skull is a combination of at 
least ten different, embryonic bones, namely, the basi - and presphe¬ 
noids, which are represented throughout life in most vertebrates as 
single bones although arising respectively from two centers of 
ossification; and the paired orbitosphenoids , alisphenoids, ptery¬ 
goids, and the median lamellae. 

Since a light, strong brain case is desirable for purposes of flight, 
the process of bone-complex formation in the avian skull has gone 
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to so great an extreme that most of the sutures become obliterated 
in the adult bird, giving the cranium the appearance of an almost 
continuous bone. 

In the human skull, as previously intimated, all of the evolu¬ 
tionary stages described in the preceding paragraphs are not re¬ 
peated. For instance, the outer, or investing, skull begins its rapid 
development before the inner cartilaginous skull has been com¬ 
pleted, in consequence of which the upgrowth and roofing-over 
stages arc largely omitted, being rendered unnecessary since the 
investing bones prove adequate in forming a roof over the brain. 
There remain, nevertheless, unmistakable evidences of the dual 
origin of the vertebrate cranium even in man. 

2. TIIE SPLA.INC1INOCRAJNJUM 

The description of the skull so far given applies solely to the 
neurocranium, which invests the end of the neural tube, that is, 
the brain. The other morphological half of the skull, namely, the 
splanchnocranium , surrounds the anterior end of the digestive tube 
in the form of a series of cartilaginous or bony arches which 
strengthen the walls of the anterior portion of the tube that have 
been weakened by the respiratory gill slits. The term “splanchno- 
cranium” is somewhat of a misnomer because the cranium is not 
at all a part of that structure. 

Among the lower water-dwelling vertebrates the splanchno¬ 
cranium is relatively large and may extend posteriorly farther than 
the neurocranium, since it furnishes support for the respiratory 
muscles of the gills. Higher up in the evolutionary scale it becomes 
more and more reduced. The converse is true of the neurocranium 
which increases in relative importance with the increasing size of 
the brain. 

The primitive arrangement of the splanchnocranium may best 
be understood by reference to the skull of the dogfish (Fig. 238), in 
which the distinction between the neurocranium and the splanch¬ 
nocranium is still clearly defined. As will be seen there are present 
seven cartilaginous arches encircling the anterior part of the ali¬ 
mentary canal, one behind the olher, like horseshoes with the 
open ends up. Each arch is composed of a number of separate ele¬ 
ments that articulate with one another with the result that to some 
extent the arch as a whole may be extended or contracted ac¬ 
cordion-fashion, as occasion demands. 
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The first, or mandibular arch , which is the most anterior one, is 
made up of two pairs of separate elements that delimit the mouth. 
The original horseshoe arch bends back and breaks on either side 

to form the articular joints of the jaws, as 
shown diagrainmatically in Figure 479. 

in the dogfish (Fig. 238) as well as most 
other elasmobranch fishes, the second, or 
hyoid arch , emancipated like the mandibu¬ 
lar arch From bearing gills, is largely a 

upper and low or jaws form suspensory apparatus, furnishing the only 

from a horseshoe-shaped j )() j n | s ( >f articulation between the neuro¬ 
car tilaginous arch. . , . . . 

cranium and the splanchnocramum. 



Fio. 479. -Diagram to 
show how the priiriit,i\c 


The live posterior arches are (fill arches that, somewhat in the 
manner of ribs, extend protecti\ely around the anterior end of the 
digestive tube (Fig. 180). Between these pairs of arches are gill 
slits, which allow water entering the mouth to pass out on either 


side after bathing the vascular 
gills that hang suspended from 



Fio. 480.—Cross 
section d i ii gr a m 
through the primor¬ 
dial neuro- and 
splaiiehnocranium. l t 
phar> ngobranehial. 2, 
epihranrhial; 8, cer- 
atohranchial; 1, hypo- 
hranchial; 5, basibran- 
chiul; n.cr., neurocra- 
nium. (After Wieders- 
hciin.) 



of the. ancestral splanchnic arches in 
man. (The arches are represented by 
the areas shaded with parallel lines, 
and the parts of them which persist in 
adult man are shown in black. See 
Table on page 567.) (After Wieders- 
heim.) 


the arches. The gill arches diminish in size posteriorly and in 
numbers in bony fishes, the loss always coming at the posterior 
end of the series. In a few of the more primitive elasmobranchs 
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there are present six and even seven pairs of gill arches, but the 
normal number appears to be five. 


Fate of the Splanchnocranium 


Number 

of 

Arcii 

El a sm o- 

BHA Neil's 

Other 
El.Si 1 KS 

Amphibians 

Reptiles 
and Hums 

Mammals 

1 

Upper 

and 

lower 

jaw 

Ptorygoquadrate 
and Meckel's cartilage 

Incus 

M alleus 

Meckel’s cartilage 

2 

1 lyoid 
arch 

llyo- 

man¬ 

dibular 

Synipleo- 

tic 

Hyoid 

Columella 

Stapes 

Stapes 

Styloid process 
External ear carti¬ 
lages 

Hyoid apparatus 

Hyoid apparatus 

3 

First gill arch 

Hyoid apparatus 


4 

Second full arch 

Missing 

Thyroid 

5 

Third g 

ill arch 

Missing 

cartilage 

6 

Fourth gill arch ■ 

Missing 

i ... 

Epiglot Lis 

7 

Fifth gill arch 

Tracheal cartilages 


In the evolution of the higher vertebrates the need for respira¬ 
tory gills gives way with the rise of the lungs, and gill arches be¬ 
come relegated to what may be called the anatomical scrap-heap. 
They are not entirely lost, however, even in man, for certain parts 
of the mature skeleton arc directly derived from the primitive 
splanclmocranium, inherited from ancestral water-dwellers. Tlius 
the legendary history of remote ancestors is refold in the human 
embryo. Nowhere is the thrift and resourcefulness of Mother 
Nature better exemplified than in the disposal of those parks of the 
splanehnocranium that have outlived their original usefulness, 
owing to the emergence of vertebrates from life in water to land. 
What becomes of the different elements that make up the splanch¬ 
nic part of the primitive skull is presented graphically in Figures 481 
and 482, where the theoretical extent and position of the original 
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arches are drawn as a background for the relics that persist. The 
same thing is also indicated on page 567 in tabular form. 

It will be seen that the embryonic skeletal material, which orig¬ 
inally had to do with respiration and the support and protection 
of the anterior end of the digestive tube, has assumed by a com¬ 
plicated series of 
makeshifts very di¬ 
verse functions, such 
as the support of the 
vocal apparatus and 
the muscular tongue, 
and the transmission 
of sound waves to the 
inner ear. 

3. VICISSITUDES OF 
VERTEBRATE JAWS 

Since long before 
the time when Sam¬ 
son slew r a thousand 
Philistines with the 
jawbone of an ass, the 
mandible , or jawbone, 
has in many ways 
been an outstanding 
bone of interest in the 
entire vertebrate skel¬ 
eton. It is the only 
mammalian skull bone that has an independent movement of its 
own. In man it has gone a long way, in adjustment to changing 
conditions, from its cartilaginous prototype still surviving in the 
dogfish. At no time in its history has there been any cessation in 
function, although upright posture and the resulting liberation of 
the hands, together witli the effeminate modern days of soft cooked 
food, have made it no longer imperative for the jawbone to serve 
as a nutcracker and bonecruncher. In some monkeys and apes 
the lower jaw may make up as much as forty per cent of the 
total weight of the skull, but in modern man it falls to less than 
fifteen per cent. 

There is no doubt that its golden age of efficiency is past and 



Fig. 482.--A fetal human skull. (Derivatives of 
the splanch nocranium are shown in black; fon- 
tanelles, dolled; investing bones unshaded; re¬ 
placing bones shaded.) Ty, tympanic ring; K\.(), 
exoccipilal: AS, alisphenoid; MC, Merkel’s car¬ 
tilage; 1, occipital fonlanelle; 2, parietal fonlanelle; 
3, mastoidal fonlanelle; 4, sphenoidal fonlanelle. 
(After MeMurrich.) 
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now it is turned to other uses. Instead of being employed as a 
means of terrifying enemies by the frightful gnashing of bared 
teeth, it has become a part of the skeletal framework for the dis¬ 
play of smiling friendliness and persuasive diplomacy. 

The very earliest known, authentic, human fragment of any kind 
is probably the famous Heidelberg jaw of Pleistocene times, which 



Fig. 483.- • ‘Changes in I lie chin-angle 
(hiring the life of tlie individual. (On¬ 
togeny.) Compare with Figure 484. 


tells its own chinless and illumi¬ 
nating story. 

In the infant before the teeth 
have forced the lower jaw to enlarge, 
the chin slopes backward (Fig. 183). 
Long before puberty it pushes for¬ 
ward until the angle it forms with 



Fig. 484.—Changes in the 
chin-angle during the history of 
the race. (Phytogeny.) Compare 
with Figure 483. 


the lower jaw is not far from a right angle (Fig. 483). In adult 
life the chin projects forward (Fig. 483), until finally in old age, 
with the loss of teeth and the resorption of the alveoli, it pro¬ 
jects at almost an acute angle (Fig. 483). These successive changes 
which an individual passes through during a lifetime are strik- 
ingly paralleled in the evolutionary emergence of the human race, 
as shown in Figure 484. The chinless jaw of the gorilla is followed 
by the almost equally chinless jaw of the Heidelberg man and that. 
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in turn, by the right-angled chin of the Spy man from Neanderthal 
days, to be finally superseded by the projecting chin of modern 
man, in which there is less standing room for teeth but a greater 
space within for the attachment of muscles concerned with speech. 

In the dogfish and its relatives, as already seen, the first splanch¬ 
nic arch serves the purpose of jaws (Fig. 179). Its upper half is 
made up on either side of the ptcrygoquadrale which forms the upper 
jaw , while the lower half that articulates with it is Meckel's cartilage 
that constitutes the lower jaw (Figs. 288 and 482). 

The cartilaginous splancluiocraniurn, like the neurocranium, 
later becomes overlaid in part by bony contributions formed di¬ 
rectly of platelike elements ( investing bones), that arise externally 


Articular 



Fig. 485.—The lower jaw of an alligator, showing its six component bones. 

(After Seliimkewitseh.) 

in the same way as scales instead of as patterns of cartilage that are 
eventually replaced by a counterpart of bony tissue ( replacing 
bones). In this way Meckel’s cartilage of the primitive lower jaw 
becomes encased by a number of investing bones. Some of these 
bones, particularly the detilaries , eventually bear teeth, which take 
over the function that was at first performed bv Meckel's cartilage. 

In the lower jaw of the alligator (Fig. 185) the investing bones 
are still distinct, being separated from each other by definite 
sutures, while in man they not only fuse together on either side 
but the two sides also unite in front into a single bone, called the 
mandible. 

As the investing bones increase Meckel's cartilage decreases 
until in adult life it entirely disappears, with the exception of the 
ossified proximal end, leaving a hollow space in the lower jaw. 
This bony end of Meckel's cartilage forms the articular bone in 
reptiles, whereas in mammals it moves up into the neurocranium 
to be transformed into the malleus , one of the tiny ear-bones that 
spans the cavity of the middle ear and helps to transmit sound 
vibrations to the brain. 

The evolutionary history of the upper jaw is quite as remarkable 
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as that of the lower jaw. On the outside surfaces of the ptcrygo- 
quadrate cartilages that represent the permanent upper jaws of the 
elasmobranch fishes, secondary investing bones, palatines and 
pterygoids , are laid down on either side, while the proximal ends 
of the pterygoquadrates are replaced in rept iles and birds by the 
quadrates, much in the same way thal the articular bone replaces 
the proximal end of the lower jaw. Furthermore, the quadrate 
bone in mammals eventually deserts the strenuous function in¬ 
volved in the articulation with the lower jaw and, like its running 



Fig. 486.—Diagrammatic cross section through the jaws, looking down the 
throat of A, a dogfish; B, a bony fish; and (,, a mammal, to show tin* evolution 
of the mammalian hard palulc from pq, the upper jaw of elasmobranch fishes, 
pq, ptcrygoquadratc; me, Meckel's (-urlilage; mv, maxillary; d, denlary; c, 
coronoid; p, palatine; rnd, mandibular. 


mate, the articular bone; it also moves up into the middle ear to 
become the incus bone. Thus the joints at the angles of the elasmo- 
hranch’s jaws are gradually transferred in higher forms to entirely 
different uses in the inside of the middle ear. 

This drastic change of function on the part of the quadrate and 
articular bones is made possible because two other investing bones, 
the maxillaries and prernaxiltarics , each bearing teeth, are added 
to the outside of the original upper jaw and take over the work 
formerly performed by the pterygoquudrate. 

The llattened palatines and pterygoids gradually tip over from 
a vertical to a horizontal position and, widening out to join their 
fellows on the other side, grow inward to form the hard palate, 
or secondary roof of the mouth (Fig. 186). In reptiles and birds 
while this is happening, the quadrate still persists in its old position, 
serving as a point of articulation for the lower jaw. 

Telcost fishes show an intermediate stage between elasmo- 
branclis, which lack bony palatines and pterygoids and conse¬ 
quently are without a roof to the mouth, and higher vertebrates 
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with a roof or hard palate, inasmuch as they exhibit a permanent 
inward tipping of the girder-like palatines and pterygoids half way 
between the primitive vertical arrangement of elasmobranchs and 
the final horizontal position assumed by higher forms. 

The prcmaxillaries and maxillaries are independent in lower 
vertebrates whenever present (Fig. 487), but fusion takes place even- 



Fig. 487.—Diagram of jaw apparatus of Sauropsida, ventral view. 

(After Butschli.) 

tually in many of the mammals, in man this fusion occurs before 
birth. The apparent absence of premaxillaries (or inlermaxillari.es, 
as they are sometimes designated) was formerly held to be a dis¬ 
tinguishing skeletal mark of human kind. It is interesting to recall 
that the poet-biologist Goethe discovered their presence in man 
and wrote hilariously in 1781 to his friend Herder: ‘ fc Nach Anleitung 
des Evangelii muss ich Dich aufs eiligste rnit einem Gluck bekannt 
machen, das mir zugcstosson ist; lch habe gefunden—weder Gold 
noch Silber, aber was mir uiisiigliche Freude macht, das os inter - 
maxillare am Menschen.” (According to the gospel method I must 
let you know in all haste of a lucky thing that has befallen me. 
I have discovered—not gold nor silver, but what gives me unspeak¬ 
able joy, the os interrnaxillare of man.) 

There are at least five ways in which the lower jaw may be sus¬ 
pended from the neurocranium, designated respectively as hyosty- 
lic, amphistylic, autostylic (two kinds), and craniostylic. 

The hyoslylic method of suspension, as found among the elasmo- 
branclis (Fig. 488, A), is that by which the only skeletal articula- 
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lions of the lower jaw with the neurocranium are between the 
hyoid arch on either side and the base of the neurocranium itself. 
Although ligaments may be present to attach the pterygoquadrate 
to the cranium, the jaws are suspended therefrom indirectly 


HYOSTYUC 


AMPHISTYLIC 




AUTDSTYLIC *1 AUTOSTYUC *Z, 



CRANIOSTYLIC A (incus) 


p.mx 


Jb4b.m.(stap«s) 



Fig. 488. — Diagrams of different methods of suspension for the lower jaw. 
A., hyoslylic (elasinobranehs); It, amphistylie (Not ularius, a primitive shark); 
C, autostylie //1 (holocephalans); D, autoslylie //2 (many dipnouns, ganoids, 
teleosts, amphibians, reptiles, and birds); K, eranioslylio (mammals), h.m., 
hyoinandilmlar; by, hyoid; nid, mandible; mx, maxilla; pal, palatine; pt.q, 
pterygoquadrate; p.mx, premaxillury; q, quadrate; stvl.proe., styloid process. 


through the mediation of the hyomandibular part of the hyoid 
arch. 

Amphisfylic suspension occurs when both the pterygoquadrate 
and the hyoid arch make direct articulation to the neurocranium. 
This is the case in the primitive shark Notidanus (Fig. 488, B), 
and also in Lepisosleus and Amiu among ganoids. 

The third method, autoslylie , is exemplified in the elephant 
fishes, or Ilolocephali (Fig. 488, C). Here the pterygoquadrate is 
anchylosed directly to the neurocranium, the hyoid being discon¬ 
nected, thus making the suspension of the lower jaw and the other 
parts of the splanclmocranium entirely dependent upon the media¬ 
tion of the pterygoquadrate. 
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The fourth method, also autostylic , is characteristic of dipnoans, 
amphibians, reptiles, and birds (Fig. 488, D). H differs in one im¬ 
portant particular from the preceding method, since the quadrate 
in these animals becomes a bone distinct from the rest, of the 

original pterygoquadrate, taking over the entire 
jvj responsibility of the suspension of the lower jaw. 
Lastly, in mammals, since the quadrate under¬ 
goes a profound transformation in becoming the 
incus bone of the middle ear, the lower jaw is left 
Fin 480 articulating directly with the cranium, according 

The forties of the to 1 lie cranioslylic method of suspension (Fig. 
middle-car. S, |<{<{ 

Um!!! S | Jl maybe appropriate to add to this section 

(Alter I Ionic, in about jaws that even the hyomandibular bones of 
Mortis, Anal- ||§e hyoid arch catch the pioneering infection along 
omy ^ with their quadrate and articular neighbors, by 

likewise deserting the a mushing splanclinocraniurn and migrating 
upward into the middle-ear cavity to form the slopes, which is the 
third of that most remarkable trinity of the smallest bones of the 

a' 

mammalian skeleton (Fig. 180). 


1. Till*; COMPOSITE VERTEBRATE SKILL 

Although a great diversity appears in the general form of differ¬ 
ent vertebrate skulls, as well as in the separate elements taking 
part in their com posit ion, if is possible to find a fundamental 
unity in the relationship of these elements. When such a funda¬ 
mental plan is visualized it becomes less difficult to interpret the 
topography of the skull and to harmonize ils components which, 
in adaptation to individual needs of different species, have de¬ 
parted from the typical condition. 

In total number the skull bones, according to W. k. (Gregory, 
range from 180 in certain primitive fishes to 80 in primates. Taking 
the census, however, is complicated by the occurrence of a con¬ 
siderable amount of fusion. 

It will be remembered that vertebrate skull bones are of two 
sorts, replacing and invest imp indistinguishable from each other 
except when their early development is known. The former are 
patterned in cartilage and become bone by replacement. The latter 
are ossified directly from subcutaneous connective tissue without 
any intermediate cartilaginous stage. 
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B ch H 

QuC[jTh:H. 


BThT 


A composite vertebrate skull, which represents in a general way 
the skulls of all vertebrates, but is, therefore, necessarily inaccurate 
for any particular species, is diagrarnmatically represented in 
Figure 490. 

Replacing bones form the principal part of the floor of the skull 
and the immediate sense organ capsules of the ears, eyes, and nos¬ 
trils. Investing bones 
form l lie larger part 
of the roof and sides of 
the skull. Roughly the 
replacing bones may 
be likened to a dish in 
which the brain re¬ 
poses, while the in¬ 
vesting hones form the 
cover of the dish. 

The key to Figure 

490 is given in the table 

~ ni - i • i Fig. 190. -Composite mammalian skull. Iri¬ 
on page o7n. in which , , , . 4l - 

r * vestim/ bones, stippled; repute my hones m outline. 

the skull bones are ar- J \II, locations of the exits of eranial nerves, 
ranged in accordance A.S., alisphcnoid; B.O., hasiocr.ipitul; B.S., 

wit It their origin and ^ (i,1 imoid; E.O., cxoccipilnl; F, 

' frontal, J, jugal; L. lacrimal; M, maxillary; Md, 

also in topographical mandibular; J\l, nasal; N.T., nasotnrhinal; O.S., 
groups. In Figure -too orhitosphenoid; P, parietal; IV, petrosal; P.M. 

the investing bones P.S., pn-spl.<;nokI 

^ . I't, pterygoid: N. squamosal; Is.l)., supra occipital 

are stippled to dis- r p 1\m panic; V, \omer; parls of hyoid; P.Il. 
lillgllish them front pharyngohyal; K.H., cpihyal: C.H., ceratohyal; 

the unslippled replac- Th H ’ thyri ‘°- 

11 r hyal. (Alter Weber.) 

ing hones. 

The poet (ioethe (1779-1832), who was also a biologist far in 
advance of his time, conceived lhe skull lo he a group of modified 
vertebrae, and on this assumption attempted to homologize skull 
bones with parls of a vertebra. While this idea is not generally 
accepted by comparative anatomists today, owing largely to ob¬ 
jections from the side of embryology as pointed out by Huxley, it 
is convenient lo use. the “cranial vertebrae" of (Ioethe, together 
with their grouping in connection with sense-organ capsules, in 
classifying the bones of the skull for purposes of description. 

Starting at the posterior part of the skull, there are four bones 
arranged around the foramen magnum , through which the nerve 
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A Catalogue of the Principal Skull Bones 


Chart 




-- i rz 

Single 

Ntjm- 

C no i tp 

Replacing Rones 

Investing Bones 

or 

HER 




Double 

1 

Jst arch 

Basioceipital 


S 

2 

oi* 

Exoecipital 


D 

3 

Goethe. 

Supraoeeipital 

S 

4 

2nd arch 

Rasispehnoid 


s 

5 

of 

Alisphenoid 


D 

6 

Goethe 


Parietal 

D 

7 

3rd arch 


Frontal 

D 

8 

of 

Presphenoid 


s 

9 

Goethe 

Orbitosphenoid 


D 

10 


Meseihmoid 


S 

11 

Nose 

Eetethmoid 


D 

12 

Region 


Lacrimal 

D 

13 


Nasal 

D 

14 

Eye 

Region 

Sclerotica 


a 

15 


Pro frontal 

b 

16 


Postfrontal 

D 

17 


Probtic 


D 

18 


Opisthotic 


D 

J9 

Ear . 

Epiol id 


D 

20 

Region 


Sphenotic 

D 

21 



Pterotie. 

D 

22 



Squamosal 

D 

23 

R or »f 


Parasphenoid (Vomer) 

s 

24 

1 tU' JI 

of 

Mouth 

Region 


Prevomer 

D 

25 

26 


Pala tine 

Pterygoid 

D 

D 

27 


Eetopterygoid 

D 

28 

Upper 

Quadrate, 


D 

29 

Jaw 

Premaxillary 

D 

30 

R egi< m 


Maxillary 

D 

31 

Cheek 


Jugul 

D 

32 

Region 


Quadra to jugal 

D 

33 


Articular 


D 

34 


Menlo-meckclian 


D 

35 

Ixjwcr 


Dentary 

D 

36 

Jaw 


Splenial 

D 

37 

Region 


Angular 

D 

38 


Coronoid 

D 

39 



Supra-angular 

D 

40 

41 

42 

Hyoid 

Region 

11 y omand i bulur 
Sympleetic 

Basihyal 


D 

D 

S 

43 


Branch i a Is 


D 

41 

Gill 

Region 


Opercular 

D 

45 


Preopercular 

D 

46 


Suhopercular 

D 

47 



Interopereular 

D 
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cord is continuous with the brain. These are the ventrally located 
basioccipital , the two lateral exoccipitals, and the dorsal supra - 
occipital . According to Goethe the basioccipital corresponds to the 
centrum of an ideal vertebra, the exoccipitals to the pedicels and 
sides of the neural arch, and the supraoccipital to the keystone of 
the arch, or the neural spine. 

The supraoccipital is peculiar in that it is of compound origin. 
The lower part next to the foramen magnum is of replacing bone, 
while that portion extending upward and encroaching upon the 
roof of the skull, is formed of investing bone. This latter part is 
sometimes called the interparietal, because of the position that it 
assumes with reference to the parietals just in front of it. 

The exoccipitals usually make up the part of the skull which is 
brought into articulation with the atlas, or first vertebra, and 
for that reason they bear the occipital condyles , or articular facets. 
The occipital condyles are absent in most fishes, since the heads 
of these vertebrates are not movable upon the vertebral column. 
They are paired in amphibians and mammals, while in reptiles and 
birds they coalesce into a single knob, in which not only the ex¬ 
occipitals but also the basioccipital may take pail. In turtles the 
single condyle may plainly be seen to be comjKiscd of three parts 
separated by sutures. In crocodiles, however, the basiocciptal 
alone bears the condyle. It is quite possible that the two condyles 
in mammals may result as the consequence of the suppression of 
the basioccipital component of the single reptilian condyle. 

Immediately in front of the occipital ring of bones, which in 
mammals becomes fused into the single occipital bone , is Goethe’s 
“second arch,” composed of the basisphenoid , two lateral ali- 
sphenoids , and the dorsally-placed investing parietals, which com¬ 
plete the arch above. 

Anterior to these four bones is Goethe’s “third arch,” which is 
made up of the presphenoid on the floor of the skull, with two lat¬ 
eral orbitosphe.noids forming the sides, and the paired frontal bones 
on top. These bones of Goethe’s three imaginary cranial vertebrae, 
whether separate or more or less fused together, form the founda¬ 
tion of every vertebrate skull above the elasmobranchs. Their 
identification aids greatly in determining the topographical rela¬ 
tions of the remaining skull bones, which are largely grouped 
around the three pairs of sense-organ capsules that protect the 
nostrils, eyes, and ears. 
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Anterior to the presphenoid the cartilaginous floor of the skull 
expands into the ethmoid plate of the nose region, from which the 
median meselhmoid and two lateral ectethmoids are the ossified 
representatives. Turbirml bones may eventually also take their 
origin from the ectethmoids. In addition to the ethmoids, there 
are two dorsal nasal bones and the paired lateral lacrirnals from 
the fraternity of investing bones which belong to this group. The 
whole ethmoid complex, both as to position and function, reminds 
one of the heat-regulating radiator of an automobile, since it is the 
framework that supports the superficial capillaries of the nasal 
mucous membrane by means of which the warm blood is brought 
into contact with the air. 


In addition to the sphenoids, lacrirnals, and various bones men¬ 
tioned under other groups which help to form the orbit of the eye, 
there are in many vertebrates, particularly in reptiles, the in¬ 
vesting prrfrontals and poslfronlals , belonging to the eye region. 
There are also sometimes found in fossil reptiles and such birds as 
owls a ring of separate elements packed around inside the orbit, 
called the sclerotic bones , that are of replacing origin. 

The ear region is initiated as a pair of cartilaginous capsules 
from which three pairs of otic bones, intruded bet ween t he occipi- 
tals and the alisphenoids, regularly ossify. They are the problic in 
front, the opislholic behind, and the epiotic , or tabulare, above. 
Sometimes two additional otic bones, the sphenolic and pterofic, 
appear, notably in teleost fishes. 

The squamosal , or paraquadrate , is an investing bone spread over 
the quadrate, that fuses with the olio bones in man to make the 
temporal bone , but which serves a varied apprenticeship in other 
vertebrates before this consummation occurs. Within the temporal- 
bone complex of mammals are also included various immigrants 
from the splanchnocranium, namely, the three middle-ear bones, 
malleus , incus, and slopes; the styloid process , rescued from the 
hyoid arch; and the tympanic ring , which forms the lower part of 
the bony tube of the external auditory canal. This latter structure 
arises through the transformation of the investing angular bone of 
the reptilian lower jaw. 

The roof-of-the-mouth region, including the floor of the cranium, 
is characterized in fishes and amphibians by a pair of investing 
prevomer bones , and by the parasphenoid, also investing in char¬ 
acter, which is so flattened out in caudates that it almost covers 
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the entire floor of the cranium. These bones, which frequently 
bear teeth, thus revealing their origin as investing bones, arc 
missing in the amniotes. Their places are taken by the “hard 
palate” that, as already described, is made up of the paired 
palatines and pterygoid (Fig. 487), with a median vomer between 
them. The median vomer projects upward, forming with the 
downward-growing meselhrnoid a partition separating the two 
nasal cavities. The median vomer of the higher vertebrates, which 
is primarily double, is probably not the homologue of the paired 
prevomers of the fishes and amphibians. 'There is some probability, 
however, that it is to be regarded as a part of the transformed 
parasphenoid. 

In the splanelmoeranium, the upper-jaw region was originally 
represented by tin* ptcrygoquudrale, to which were later added 
two investing bones, the palatine and the pterygoid , which go to 
form a part of the base of I fie skull. The quadrate results from 
the ossification of the proximal end of the ptcrvgoquadrale, serv¬ 
ing as the middleman between the cranium and the lower jaw in 
the aulostylic dipnoans, amphibians; reptiles, and birds. In the 
cranioslylic mammals, as already staled, the quadrate becomes 
metamorphosed into the mens hone of the middle ear, where it is 
incorporated inside the otic capsule. The cartilaginous plorygoidal 
part of the plerygoquadrate in mammals pusses out of the pic¬ 
ture, just as does the distal part of Meckel's cartilage, when the 
proximal articular end ossifies. 

There arc 1 also included in the 1 upper jaw of all vertebrates above 
the clasmobranrhs two pain'd investing bones, the maxilla ries 
and premax Maries, that assume the duties of the permanent, jaws 
when the primary jaws tip over and move inward to form the 
roof of the mouth. Thus, there is seen to be a succession of jaws, 
even as there is a sue'cession of nepliridia, hair, hearts, and leelli 
in the developing vertebrate. 

Bridged by the jugal and quadratojugal bones, which (ill the 
gap between the maxillary and the quadrate in reptiles and birds, 
the cheek ngion constitutes the side of the face. In human 
anatomy the jugal bone, which is investing in character, is known 
as the malar , or zygomatic , hone. There are no replacing bones in 
this region. 

The original Meckel’s cartilage of the lower-jaw region, as 
pointed out in llie preceding section, becomes proximally replaced 



580 


BIOLOGY OF THE VERTEBRATES 


by the articular bone that plays upon the quadrate to form 
the hinge joint of the jaw. Its distal end remains in cartilaginous 
form for a time, although in certain amphibians it becomes re¬ 
placed by the menlo-meckelian bone . Around it various investing 
bones form a sheath, after which the cartilage core eventually 
disappears except in the cases just indicated. The investing bones, 
which reach their greatest elaboration in the reptiles, are the 
deniary , forming the tooth-bearing edge around the distal end; 
the supra-angular, along the upper margin of the proximal end 
posterior to the dentary; the angular , along the ventral edge and 
forming the posterior angle of the lower jaw; and the splenial and 
coronoid on t he inner surface of the jaw, the former being proximal 
to the lat ter. A gonial bone, which fuses with the articular, is also 
present in certain reptiles. 

In the hyoid region are included the hyoid arch and its deriva¬ 
tives. The original arch breaks up into several small bones, the 
hyomandibular, symplectic , and ceratohyal on either side, joined by 
a median basihyal, which becomes the skeletal foundation of the 
primary tongue in fishes. 

The hyomandibular in t he Salientia migrat es up into the auditory 
region of the cranium and becomes the columella , a rodlike bone 
resting against the tympanum of the ear, which assists in trans¬ 
mission and amplification of sound waves. In mammals the 
columella becomes further transformed into the stapes, the inner¬ 
most of the chain of middle-ear bones. 

The spiracles, that are located just anterior to the hyoid arch 
in elasmobranchs, eventually become made over into the Eusta¬ 
chian lubes, w hich serve in land vertebrates as a secret passage-way 
from the chamber of the middle ear to the outside world. 

The gill region has both replacing and investing bones present, 
the first being represented by the important branchial arches, 
which break up into pharyngo-, epi -, cerato -, hypo-, and basibranchiul 
elements in fishes (Fig. 180), but which lose their importance 
with the passing of gill-breathing and remain only as fragmen¬ 
tary relics in the form of tracheal cartilages in the higher vertebrates. 
The shield of investing bones which appears over the outside of 
the branchial arches in the teleost fishes, consists of four thin 
flat bones on either side, the opercular, preopercular, subopercular, 
and interopercular, that form the flap beneath which the gills find 
protection. It is possible that the preopercular bone of fishes is 
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homologous with the squamosal bone of higher forms, but with 
this exception the other opercular bones entirely disappear in land 
vertebrates. 


5. COMPARATIVE ANATOMY OF THE SKULL 

(a) Cyclostomes. —The skull of cyclostomes (Fig. 491) is quite 
aberrant from that of other vertebrates. In the embryonic “am- 
mocoetes stage” of Pelromyzon , the parachordalia and trabeculae of 
I he brain-case floor are evident and normal, as well as the otic 
capsules that surround the ears, but a cartilaginous envelope does 
not entirely surround the brain, since the roof of the brain case is 
completed in fibrous connective tissue, while the absence of jaws 
entirely changes the character of the anterior part of the skull. 
The skeletal structures of the large tongue may possibly be homol- 



Fig. 491.—Lateral view of skull of Pelromyzon. 1, horny teeth; 2, annular 
cartilage.; 3, anterior labial cartilage; 4. posterior labial cartilage; 5, nasal cap¬ 
sule; 6. auditory capsule; 7, dorsal portion of trabeculae; 8, lateral distal labial 
cartilage; 9, lingual cartilage; 10, branchial basket,; 11, cartilaginous cup sup¬ 
porting pericardium; 12, sheath of notochord; 13, anterior neural arches, fused 
together. (From Shipley and MacBridc, after Parker.) 


ogous with the lower jaws of fishes. At any rate the tongue 
bears rasping epidermal teeth and is bilateral in origin like the 
lower jaws. The cartilaginous elements which lie anterior to the 
tongue and support the jawless mouth, seem to be peculiar to 
cyclostomes. They are obviously necessary adaptations on ac¬ 
count of the suctorial and parasitic habits of these animals. The 
posterior part, of the cranium, which ends abruptly with the otic 
capsules, is without any true occipital region. 

Since in higher vertebrates lhe occipital region is to be regarded 
as a derivative from the anterior vertebrae of the spinal column, 
as the relation of the cranial nerves indicates, it could hardly be 
expected to be developed in animals whose skeletal axis has not 
yet emerged from the notochordal stage. 
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The skeletal support for the gills in cyclostomes is a continuous 
grill work of cartilage, more external in position than the splanclmo- 
cranium of other fishes and difficult to homologize with it. 

(b) Elasrnobranchs.—TUv typical cartilaginous skull of elasmo- 
branchs furnishes a morphological point of departure for the skulls 
of all other vertebrates (Figs. 238 and 176). Fn these primitive 
fishes the neurocranium is a continuous protective brain case, 
except for two dorsal fonlanelles that are covered with mem¬ 
brane. It is the result of the fusion of embryonic, cartilaginous 
elements, as already described, which may be partially calcified 
in some adults. The splanchnocranium is present in its most 
perfected form, being nowhere fused or incorporated with the 
neurocranium. The first, arch of the splancJmocranium serves as 
both upper and lower jaws and is abundantly supplied with integu- 
mental teeth. The hyoslylic suspension of the 1 lower jaw in skates 
permits the protrusion of the jaws in the prehension of food. 
Perhaps the feature most peculiar to the elasmobraneh skull, and 
least, copied by subsequent forms, is the development of a snout 
in the form of rostral cartilages that project anteriorly, thus making 
the mouth ventral in position. In the elasmobraneh Drislis (Fig. 
J9, (1), the extended rostrum is supplied on either lateral margin 
with sharp teeth, which give it the name of “sawfish/* 

(r) Ganoids. The transition from a single cartilaginous skull 
to a double skull is effected in this group, which characterizes it 
as a connecting link between the lower fishes and the higher verte¬ 
brate's. While an inner cartilaginous capsule' is retained unossified 
around the 1 ! brain in the' earlilaginous ganoids (('hon(lrostei), the're 
is addeel to the' outside of it a bony <ku\\ of many parts, de'rive'el 
from dermal scales (Fig. 177). The bones in the skulls e>f cartilagi¬ 
nous ganoids are' all of the', investing type, and since they are very 
numerous, the'ir homology with the individual investing bones in 
the skulls of highe'r forms is doubtful. The number of elements in 
the splanchnocranium is reeluee'd somewhat as compared with 
that of eiusinobrauchs. 

The skulls of bony ganoids ((/rossoplerygii, and llolostei) have 
two sets of bone, investing e>n tlle outside and replacing on the 
inside, the latter ossified from the cartilaginous brain ease. Much 
cartilage still remains, however, after the replacing bones appear. 

(d) Dipnoi .— In general lunglishes are intermediate between 
ganoids and teloosts on the one hand and amphibians on the 
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other. Since the inside cartilaginous cranium furnishes only a few 
replacing bones, notably those of the occipital region, and since the 
investing bones are also reduced largely by fusion, it approaches 
the simplicity of structure that characterizes the amphibian skull. 
For example, a single parido-frontal takes the place of two pairs 
of bones, the parietals and frontals, ordinarily found on the roof 
of the skull. 


There occurs in Proiopferns and Lepidosiren (Fig. 492) a pair of 
unique replacing bones, the ‘‘cranial ribs, 5 ' which extend from the 
base of the skull backward and downward across the shoulder girdle. 



Fig. 492. —Skull of n lungfish, Lepidosiren. Cartilage stippled. 

(From Hiitschli, alter ilridge.) 


(c) Teleosts. 4Sony fishes exhibit a great variety of skulls, all 
referable more or less directly to the type characteristic of bony 
ganoids. In the lower teleosts considerable cartilage persists un- 
ossiiied, but in most, cases the name “teloost," (/c/e, entire; osl, 
bone) is justified (Fig. 193). INo other vertebrates have as many 
bones as teleosts. 

(/) Stetjocr phots .—The problematical extinct Stegocephali, 
some of which had skulls over three feet in length, show a large 
number of bones, probably investing in character, forming an 
extensive roof over a cranium of very small capacity. For the 
most part these bones fit closely together, allowing only for re¬ 
stricted orbital and nasal cavities, and suggesting the skull of 
ganoids rat her than that of the amphibian type. The fact that car¬ 
tilages are missing in these fossils leaves much to be desired in work¬ 
ing out homologies. Between the parielal plates on the top of the 
skull is an interparietal foramen , the window through which a 










postfrorvtal 
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third epiphyseal eye probably looked upward. There was an 
abundant occasion for these lowly monsters to look upward, at 
least in an evolutionary sense. 

(g) Amphibians .—Amphibians are characterized by much less 
cartilage in the skull and also by fewer bones than are found in 
skulls of the bony fishes. It is quite reasonable to suppose that they 
represent a separate, divergent, evolutionary line, distinct from 
that of theteleosts, although 
both may be referred to a 
common origin in the elas- 
mobranchs. 

The posterior part of the 
amphibian skull, as shown 
by the presence of ten rather 
than twelve pairs of cranial 
nerves, is not. homologous 
with the occipital region of 
the mammalian skull. 

The restricted cranium it¬ 
self, that houses the brain, 
is somewhat tubular and 
elongated, extending far 
anterior between the eyes 

without any interorbital Fig. 494.— -Dorsal view of skull of 
Septum. The conspicuous A ledums, with nasal capsules removed. 
Width of the Skull, as well anf^rbital process; E VO. exoccip- 

as the extensive horizontal prootic; paruquadratc; PPT , 

mouth-opeiling, is largely pulato-plerygoid; Q , quadrate; (JG, quad- 
due to outrigger bones Whic h rate cartilage. (After Wilder.) 

form the upper jaw and connect with the widened ethmoidal and 
otic regions. Of the few r replacing bones the exoccipitals, bearing 
the two condyles and the prootics which make up the major part 
of the otic capsules, are the most constant. There are no basi- 
or supraoccipitals, but the place of the latter is taken by a band 
of connective tissue, or a narrow cartilage, the tedum synoticum , 
which joins the two otic capsules together by a dorsal bar. 

Caudates show a greater parsimony of inner cartilaginous skull 
than the Salientia, since the embryonic trabeculae never meet and 
fuse, thus leaving this region of the skull, as in the adult Necturus 
(Fig. 494), without a cartilaginous floor. The quadrate and 
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pterygoid are continuous, while the quadratojugal fuses with the 
squamosal. The parasphenoid is a large Hal. investing bone, some¬ 
times bearing teeth, covering nearly the entire floor of the skull, 
whereas in Salientia it is reduced to a peculiar T-shaped structure 
with the shaft pointing anteriorly (Fig. 495). The parietals and 
frontals also, which are separate in caudates, become incorporated 
n Pa into par ieto-frordais in Salientia, and 

still other hyphenated bones mark the 
progressive simplification of the am- 
phibian skull. 

p Little of the original cartilage re- 


i 



po ex pt 

Fics. 495. -Ventral view of 
frog’s skull. Tin 1 investing 
bones have been removed from 
one side, and the primordial 
cartilaginous skeleton is 
dotted, n, nasal cartilage; pq, 
palato-quadrate, j. jugal; nix, 
maxillary; px, premaxillary; 
pt, pterygoid; vo. vomer; pi, 
palatine; ps, parasphenoid; po, 
probtie; ex, exocripital. (After 
Ecker.) 




w * ^ 



ty; 


^ '/I 


Fin. 496.---Rack view of a tur¬ 
tle's skull, showing the false roof 
and large air spaces over the part 
of the skull that immediately 
covers the brain. (The foramen 
mmjnam is shown in black.) 


mains in the skull of the legless caecilians (gymnophiona), but there 
is more fusion of the investing bones Ilian in caudates, making a 
compact sktdl adapted to the subterranean life of these curious 
aberrant animals. 


(h) Reptiles.- Cartilage largely disappears from the adult rep¬ 
tilian skull, persisting in Sphenodon atid in lizards to a greater 
extent, than in other modern reptiles. Investing bones are more 
numerous than in amphibians while replacing bones are many 
and usually independent or unfused. 

Except in snakes, the inferorbilul sephim separates the two 
orbits of the eyes, in consequence of which the brain does not 
extend as far anteriorly as in amphibians. Between the pterygoid 
and the maxillary an additional bone, the transverse or eclopiery - 
gold , is added, greatly strengthening the jaw. Premaxillaries, 
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which are usually united in adult reptiles, are embryouically 
double, and the same is true of the parielals. Meckel’s cartilage 
is surrounded by a full complement of investing bones (Fig. 185). 

in turtles a false roof to the skull, formed by expanded post- 
front als, parielals, and squamosals, reminds one of the stego- 
cephals, for the entire chelonial skull is exceptionally large in 
comparison to the size of the enclosed brain (Fig. 1%). A single 
median vomer and the parielals, which remain separate, are present, 



but several bones that might be expected, such as the nasals, 
orbito-, and alisphenoids, ectopterygoids, and lacrimals, are ab¬ 
sent in turtles. 

The jaws of snakes are a distinctive feature, since they are 
capable of great distension, enabling these animals without I lie aid 
of hands to swallow their relatively large- 
prey whole. To accomplish this feat the 
palatines are movably articulated witli 
the pterygoids, which thus do not form a 
rigid hard palate, while the two parts of 
the lower jaw are not. only loosely joined 
to the cranium on either side bv the mov- 

i' 

able quadrates, but are also anteriorly 
united at their distal ends bv an elastic 
ligament, permitting their lateral separa¬ 
tion to a considerable extent. Figure 197 Frc. 197. r \ h<* skull of a 

I iii i i> .1 . raltl<*siiak<\ showing unison 

shows the bonv mechanism oi the ante- ,■ n 1 

tang. 

rior pari of the skull of a rattlesnake, 

which permits the mouth upon occasion to be thrown very wide 
open. In crocodiles and lizards the two parts of the lower jaw 
are joined in front by sutures, but in turtles they are fused into 
one solid mandible. The formation of an extensive hard palate, in 
which the maxillae, palatines, and pterygoids all lake pari, in the 
case of alligators and crocodiles causes the posterior opening of the 
chouna on either side to Iks pushed back so far down the throat that 
these animals are able to drown their prey without being drowned 
themselves. This feat is accomplished by the aid of a curtain- 
like velum that shuts off the posterior openings of the nostrils 
(choanae) from the surrounding water, thus enabling the reptile to 
breathe through the choanal passage-way with the tip of the snout 
out of water, while the mouth is kept submerged until the struggling 
prey within, held fast by the conical teeth, is drowned (Fig. 319). 
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(£) Birds. —In birds the most characteristic feature of the skull, 
like that of the entire skeleton, is the elimination of every bit of 
bone that can be spared (Fig. 498). Compared with reptiles, from 
which birds arose, a typical avian skull most resembles that of 
lizards with some striking differences. Although the cranium is 
more spherical and roomier, the relatively enormous size of the 

eyes, together with the well- 
developed interorbital septum, 
tends to restrict the brain to the 
posterior part, while the ear- 
capsules on either side are more 
deeply embedded than in reptilian 
skulls. 

Fig. 498.— Lateral view of the No! withstanding the fact that 
skull of a crow, pin premaxillary; la, mailY typical bones, both roplac- 

lacrimal; f, frontal; pi, prefrontal; . .. .... . . 

pa, parietal; oe, occipital; sq, squa- mg and investing, are distinguish- 
mosal; pt, pterygoid; j, jugal; pi, able in the embryo, they become 
palatine; nix, maxillary. (Alter welded together in the adult by 

HalIu ^ the early closure of the sutures 

into an almost continuous capsule of bone, which is remarkably 
strong and protective in spile of its lightness and the paucity of 
bony material employed. 

The zygomatic arch is reduced to a slender bar, the postfrontals 
disappear, and the palatines and pterygoids are so narrowed that 
they fail to join into a hard palate. The lightness of the skull is 
furthermore enhanced by 1 lie pneumatieity of the 
bones, characteristic of the entire skeleton, and 
also by the substitution of a horny beak in place 
of heavy teeth set in the jaws. Only in the inter¬ 
orbital septum and in the ethmoid region does 

i d r u ni i o 

cartilage persist. show the mov- 




Remains of the investing parasphenoid fuse 
with the replacing basisphenoid t o form a unique, 
forward-projecting sphenoidal rostrum along the 


able upper jaw 
of a parrot. (Af¬ 
ter Boas.) 


floor of the cranium. The single occipital condyle on the basi- 


occipital bone is similar to that in reptiles, allowing great freedom 
of movement to the bird’s head. With the rotation forward of the 


condyle, along with the shift in position of the foramen magnum, 
these two landmarks appear at the ventral base of the skull instead 
of at the posterior aspect of it. This change, which is associated 
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with the semi-erect posture of birds, modifies the manner in which 
the skull is carried by the vertebral column. 

The quadrate articulates freely with the skull, suspending the 
lower jaw. Parrots have a true joint between the upper jaw and 
the skull which enables 
them to raise, the up¬ 
per jaw without at the 
same time carrying the 



cranium with it (Fig. 
499), an unusual per¬ 
formance for a verte¬ 
brate. The curious 
hyoid apparat us of t he 
woodpeckers, as previ¬ 





ously described (page 



289), exhibits another 
peculiar modification 
of the bird's skull in 
connection with the 
mechanical non-mus- 
cular withdrawal of 



the extended tongue. 

( j ) Mammals. - The 
skull bones of the 


primitive monotremes 
are highly specialized 
on account of their 


Fici. 500.—Sagittal diagrams through the skulls 
of, A, a salamander; It, doer; C, baboon; and D, 
man. (The arrows indicate an evolutionary change 
in the relation of the external nose-opening and 


beaklike mouth parts tile foramen magnum.) (Modified from Wieders- 
and the early fusion of he,m ) 


bones which obliterates the outlines of the component parts. They 


have limited value, therefore, in working out the homologies of 


other mammalian skull bones. 


The orbits of the eyes are close together, separated only by a 
thin septum without any intervening part of the brain between 
them. It is difficult to imagine how monstrous a human skull 
would be if, like that of a bird, each orbit were as capacious as the 
entire cranial cavity. 

It may be said of the mammalian skull in general that the 
splanchnocranium becomes more completely incorporated with 
the neurocranium than in any other class of vertebrates. With the 
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process of cranial expansion to accommodate the increasing size of 
the brain, there is a shortening of the jaws, while the retreating 
face bones become, more and more overshadowed by the upward- 
bulging cranium until, in primates at least, they are ventral to the 
cranium in position rather Ilian anterior to it. This evolutionary 

tendency is made clear when one 
compares the skull of a deer with 
I hat of a man (Fig. 500). 

Although there is considerable fu¬ 
sion of bones in the mammalian 
skull, I lie sut ures usually remain 
quite distinct, except in old age when 
they are apt to become obliterated. 
When of the zig-zag type (Fig. 421), 

Fig. 501. Tho skulf of a new- *>Y dove-1 ailing of the 

born infant, showing the location bones together edge to edge, the 

of ttm fon ta n<‘lies. (), occipital; su tures make an interlockin joint 
parietal: !Y1, mastoidal; S, spin*- . , . . 

noidal. (After Kolliriunn.) almost as lirm as solid bone. Another 

type of sutures results when bones 
are shingled or beveled will] the edges of one over the other, as in 
the squamosal sutures of the human skull. During development flat 
skull bones grow out from centers of ossification, like spreading 
ripples from a pebble thrown into a quiet pond, with the result 
that when the advancing edges of two or more enlarging bones 
meet, a small uncovered area is temporarily caught between them 
where they come together. Such an open area is called afonianelle , 
so-named by some imaginative pioneer of anatomy because the 
throbbing of the blood vessels faintly visible al such openings in the 
infant’s skull suggested a k *little fountain.” In man at least six 
fontanellos are present at birth (Fig. 501): first, a large diamond- 
shaped parietal fontunelle on the top of the head between the fron- 
tals and the parictals, which usually closes about the end of the 
second year; second, the occipital fontanellc , triangular in shape 
and lying bet ween the occipital and the parietal bones, that closes 
at the end of a few months; third, a pair of small sphenoidal 
fontanelles , which are formed on either side of the skull by the union 
of the frontal, parietal, temporal, and sphenoidal bones; and fourth, 
the mastoidal fontanelles , likewise small and paired, that occupy the 
posterior space between the parietal, temporal, and occipital bones. 

In childbirth the fontanelles are doubtless an adaptation of great 
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practical value, enabling the large-headed infant to emerge into the 
world through a comparatively narrow gateway, since the cranial 
bones, as yet sutureless, can temporarily slip past each other at the 
edges without injury to the soft brain within. Long ago Hippoc- 



Fui. 502. Manner of skull deformation among ancient Peruvian Indians. 


rates pointed out that it is quite possible if the head lias become 
somewhat misshapen in the process of childbirth, to mold the 
cranium back into conventional contours without injury, almost 



occipital flattening of 
the skull of a north¬ 
west coast Indian. 
(Outline from photo¬ 
graph T/22177. Airier. 
Mas. of Nut. Hist.) 


as if the brain were 
clay in the potter's 
hands. 

Certain primitive 
races, like the Flat head 
Indians of N orth 
America and the no¬ 
bility among ancient 
Peruvians, seized upon 
this possibility of shap¬ 
ing the plastic* skull of 
the newly-born infant 
in order to acquire a 
conspicuous and dis- 



Fj<;. 501. -Aymaru 

or conical deformation 
due to bandages. Peru¬ 
vian Indian. (Outline 
from photograph 
99/5515. Arner. Mus. 
of Nat. Hist.) 


tinctive form of the head which, if not an improvement on nature, 
at least had the quality of lending to its possessor a mark that set 
him apart from ordinary people in a sort of plastic anatomical 
aristocracy of his own (Fig. 502). 

The late Dr. Louis 1L Sullivan of the Department of Ethnology 
in the American Museum of Natural History in New r York kindly 
gave permission to quote t he following information concerning head 
deformation in North America. “The study of physical types is 
complicated by the widespread deformation of the head. In some 
cases it is unintentional, being produced by the hard pillows and 
cradleboards used. In many instances, however, the head has 
been intentionally deformed by mechanical devices. The two 
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principal types of artificial deformation are the fronto-occipi- 
tal flattening (Fig. 503) and the Aymara conical distortion 
(Fig. 504). There are various subtypes of each of these deforma¬ 
tions. The custom was previously widespread, being recorded in 
one form and another from Africa, Malay, Philippines, France, 
Scandinavia, and Asia Minor. It is becoming less common in 
America at the present time, fn some tribes the entire population 
practiced deformation while in others it was confined to one sex or 

even to the chiefs alone. 
Investigation lias shown 
that it does not affect the 
mental ability of the sub- 
jecl and that it is not trans- 
- SM ' milted.” 

The four embryonic and 
ancestral occipital bones 
of the mammalian skull 
eventually become joined 
info one occipital bone sur¬ 
rounding the foramen mag¬ 
num. The occipital con¬ 
dyles are borne by the 

Fig. 50!>.—The base of an infunTs skull lateral exoccipital ele- 
b of ore the fusion of the occipital bones, ments, although in some 
S.M., suture of Mcndosa, which tends to instances their ventral 

investing, and a lower replacing region. margins encroach Some¬ 

what upon the basioccipi- 

tal. The presence of an embryonic notch on either side of the 
supraoccipital component (Fig. 505) marks the last remains of the 
suture of Meridosa which separates the upper investing portion of 
the supraoccipital from I he lower replacing element. 

In the sphenoidal group of human skull bones the alispbenoids 
fuse on either side of the basisphenoid, forming upward-projecting 
wings, while the orbitosphenoids hold a similar relation to the 
presphenoid. These six sphenoid bones, together with the remains 
of the pterygoids in the form of the pterygoid processes attached 
on either side, all unite into a single sphenoid bone which, like the 
chassis of an automobile, forms the main foundation around which 
the other cranial bones are assembled. It has been aptly called 
the “butterlly bone” from its obvious resemblance to a butterfly. 
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Within the cranial cavity on the dorsal side of the sphenoid bone, 
is a hollowed-out place, the sella turcica , or the “turk’s saddle,” 
which is a conspicuous landmark on the inside of the mammalian 
skull and in which is cradled the 
downward-projecting hypophysis of 
the brain. Just anterior to the sella J| 

turcica there is a transverse groove in r < \ 

which lies the chiasmi of the large / % J 

optic nerves. 1 f 

The generous roof of the mamma- ^ ! v Sw'> ir 

lian cranium is covered over by the V \ y 

paired parielals and fronluls , with \ J / 

the parielals sometimes fused along Jr j m 

the sagittal suture that joins t hem. The 
frontals in man are separated by the 111 

melopic suture in early life (Fig. 506), 

which later becomes obliterated by F|(J 506 ._ The sku „ of a 

the lusion of the 1 wo frontal bones young l>oy, showing the 

ink) one. mctopic suture separating the 

In the human embryo there are J” w,lal 

; T (Drawn by It. b. b tiles.) 

present suggestive knoblike centers of 

ossification on the frontals where the horns of ungulates appear. 
Michaelangelo, in his famous statue of Moses (Fig. 507), has gone 

so far into comparative anatomy as to 
supply his hero with frontal horns. 

t Frequently at the fontanelles isolated 

islands of bone are formed, called Wormian 
hones. The largest and commonest of these 
in man occurs in the occipital fontanelle 
and is known as the Inca bone (Fig. 508) 

_ for the reason that it lias been often found 

Fig. 507.--The Moses in the skulls of the aboriginal Incas of Peru. 


Fig. 506.— The skull of a 


2T.SBW8 


of Michaelangelo, with 
frontal horns. 


On account of the increasing size of the 
mammalian brain several of the cranial 


bones shift from their original position. This is particularly true 
of the cetacean skull, where the parietal bones are divorced from 
each other and shoved over to an extreme lateral position (Fig. 
509), while the supra occipital extends forward between them even 
as far as the frontals, making up most of the roof of the skull. 
The maxillaries, meanwhile, push back posteriorly and form a 
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considerable part of the cranium, invading the territory ordinar¬ 
ily occupied by the fronlals, which now become squeezed nar¬ 
rowly between the backward-ex lending maxillae and the forward¬ 
pushing supraoccipital. 

The otic bones furnish another example of mammalian skull 
bones that have shifted llieir position. They have moved in from 

the outside lateral wall to the internal ridge of 
the temporal bone that separates the cavity in 
which lhe cerebrum lies from that of the cere¬ 
bellum. Otic bones in mammals first fuse into 
a single petrosal , or periotic , complex, enclosing 
the three pairs of middle-ear bones. In certain 
mammals, for instance man, the otic bones later 
become incorporated with the squamosals, form¬ 
ing the temporal bones on the sides of the head. 

Included in the temporal assembly of em¬ 
bryonic components there are not only the otic 
bones, middle-ear bones, and ^quamosals, but 
also a ringlike fragment on either side, the tympanic ring, across 
which the membranous ear drum is stretched (Fig. 510). This 



Fig. 508.- Dia¬ 


gram of the hack 
side of a skull, 
showing the pres¬ 
ence of the Inca 
bone. (After Wie- 
dcrshcim.) 


nasal- 


premaxillary_ 


maxillrirv 
\ \ 








supraocci pi tal 
—frontal 


—parietal 
—condyle 

—exoccipital 
—squamosal 
tympanic ring 

—jugal 
pterygoid 


Fig. 509.- Skull of a dolphin, in which the Ixmcs of the cranium are much 

modified. (After Sehiinkewilsch.) 


small bony element is probably the homologue of the angular bone 
from the lower jaw (Fig. 485). 

The opisthotic region of the temporal complex becomes the 
mastoid process to which some of the jaw muscles are attached, 
while inserted in a socket just anterior to the mastoid process is the 
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styloid process , a remnant of the hyoid areli of the splanchno- 
cranium, retained for the attachment of certain muscles. 

The ethmoid , which ossifies slowly from its cartilaginous fore¬ 
runner, is a dedicate spongy bone, placed between the orbits in 
front of the sphenoid (Fig. 511). In the embryo the outer walls of 
the two nasal capsules ossify 
first, becoming the shell-like 
ectetlmioids. Between these two 
curving plates the downward- 
growing meselhmoid appears. 

All three of these embryonic 



dements finally unite to form 
the ethmoid bone, which strad¬ 
dles the nasal chamber. 

The meselhmoid further de¬ 
velops a thin upward projection 
(the crista galli of human anat¬ 


Fjcs. 510.—Three stages in the de¬ 
velopment of I he joint in the lower 
juw of mammals, showing the inward 
migration of the quadrate, Q, and its 
trails forma lion to the tympanic ring, 
T>, resulting in the direct, articulation 
of mandible, IY1, with squamosal, S. 
(After (Jadow.) 


omy), at I he point of junction 

where it fuses with the ectethmoids above, w hile below r it forms a 
partition, the perpendicular plate, which, together with the upward- 



Fic. 511.—A vertical cut through 
the nasal region, showing the ethmoid 
and turhinal bones, heavily outlined 
in black. (After Tillaux.) 


growing vomer, divides the 
nasal chamber into right and 
left parts. 

Projecting into the nasal 
chambers from the inner surface 
of the ectethmoids are delicate 
scrolls of bone, very voluminous 
in herbivores like sheep but re¬ 
duced in man, called the tur - 
hinals , the ventral one of which 
may be independent, having a 
suture separating it from the 
octet hmoidal wall. 

On cither side of the crista 
galli in man, where the ecteth¬ 


moids join the rnesothmoid horizontally, there is a bony area, the 
cribriform plate , which is perforated like the lop of a pepper-box 
for the passage of the brushlike olfactory nerves, growing back 
from the patches of sensory epithelium in the nasal chambers. 
The multiplicity of foramina for the olfactory nerves is peculiarly 
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mammalian, although in Orn ithorhynchus there is only a single 
pair of olfactory foramina while the Cetacea, which have ap¬ 
parently entirely lost the sense of smell, have no 
cribriform perforations. 

The nasal bones, which sometimes fuse, roof 
over the nostrils in the primates particularly and 
play a prominent part in snout formation (Figs. 
512 and 513). 

Bet ween the nasals and the outer margin of the 

Kir,. 512. -This fronlals are the lucrinulls, perforated by a foramen 
flexible cariilagi- f or the lacrimal duct which serves to identify 

black) of the pro- {hem 51 *)• Tlie > r are always on the inner 

jeeting part of the side of t he orbit in mammals, except in cetaceans, 
human nose. A, sirenians, and elephants, tliat apparently have no 

side view; B, front v . r r , »• . • \ i 

view-et cartHayo us0 ' or B'ars. 1 he mammalian lucrirnals may be 
triangularis: c.a., homologous with the prefrontals of reptiles, which 
cartilagines alar is. they resemble more than they do the so-called 

bain* 1 ) r ( l n " ^lacrimals” of the latler. 

Prema jr illar ies a re r u d i me n t ary or wan t ii i g in ba Is 
and certain edentates, but are usually present in other mammals. 

The maxillae, which are the largest of the face bones in man, not 
only bear teeth and serve as upper jaws, but they also extend in¬ 
ward, forming a part of the hard palate in the roof of the mouth. 
In man they are hollowed out on either 
side by a large irregular sinus, the anlrurn 
of Highmore. Other sinuses in the skull 
are the frontal sinuses in the frontal bones 
of the forehead; the sphenoidal sinus in 
the sphenoid bone; and the mastoidal 
sinuses in the temporal bones. These 
sinuses, or cavities within the skull bones, 
are lined with mucous membrane and in 
the case of man are the happy hunting 
grounds of troublesome bacteria. 

To the posterior part of the palatines, 
which also contribute to the hard palate, are attached the 
pterygoids of a spectacular past, now reduced in the mammalian 
skull to mere processes. 

The jagals (zygomatics or molars of human anatomy) form the 
zygomatic arches, or “cheek bones,” by connecting with processes 



Fin. 513.----“The exter¬ 
nal nose varies strikingly in 
the styles of its architec¬ 
ture.” (After Gallup.) 
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from the squamosal part of the temporals posteriorly and from the 
maxillaries anteriorly. 

Set on edge between the sphenoid and the mesethmoid and 
forming the lower posterior pari of the nasal septum is the thin 
“ploughshare bone,” or vomer , which is not 
homologous with the paired prevomers of the 
lower vertebrates. 

The mandible , or lower jaw r , is craniost t \ lie, 
articulating at the glenoid fossa directly to the 
immovable squamosal element of the temporal 
complex. In bats, perissodaetyls and primates, 
the mandibles of Lhe 1\vo sides are fused into 
one solid piece. 

All that is left to tell the tale of the 
splanchnic arches that formed so conspicu¬ 
ous and independent a pari of the elasmo- 
branch skull is the triumvirate of middle-ear 
bones , the styloid processes of the temporal 
bones, the hyoid bone , and t he thyroid and cri¬ 
coid cartilages of t he larynx, toget her with some 
of the cartilaginous tracheal rings (Fig. 481). 

VI. The Locomotor Skeleton 

1. TIIE NECESSITY FOR ANIMAL LOCOMOTION 

Attention has already been called in a general way to the neces¬ 
sity for locomotion among animals as contrasted with plants. 

The essential difference between plants and animals with refer¬ 
ence to locomotion is that green plants by the aid of chlorophyll , 
which makes them green, are able to build up into organic foods 
inorganic compounds that are universally distributed, thereby 
imprisoning the sun’s energy. In consequence they waste no energy 
in locomotion and have a generous supply of food available for 
growth and reproduction as w r ell as a surplus for animals. Most 
animals, on the contrary, without the Aladdin’s lamp of chloro¬ 
phyll, must seek their food directly or indirectly and with loco¬ 
motor effort wherever plants have made it, or perish. 

The chemical elements common to all protoplasm, and therefore 
the food of both animals and plants, are well-nigh universal in dis¬ 
tribution in the form of carbon dioxide in the air, water, and 



Ftg. 514.—The 
upper jaw rut away 
to show the antrum of 
// ighmore (A11). F, 
frontal sinus; L, 
lacrimal hone. 
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various salts and substances in the soil (Fig. 515), while sunlight, 
the primal source of all energy possessed by organisms of any and 
every kind, shines alike upon both plants and animals. Since, 
however, plants alone can utilize the sunlight in transforming 
these elements into food, and since they can do this in a stationary 
position, they do not need to move about for their daily bread, 
while plant-dependent animals do. 


2. EVOLUTION OF LOCOMOTOR DEVICES 

Before skeletal muscles and locomotor levers were arrived at in 
vertebrates, many other devices, more or less successful, were 








Fu;. 51(>. Acrobatic Hydra traveling on a surface film of water. 

(Alter Tremblay.) 


tried out in the animal kingdom for accomplishing motion and 
locomotion. 

The inherent contractility of protoplasm is demonstrated even 
by the modest pseudopods of Amoeba. fn the microscopic universe 
of a drop of water other kinds of protozoans also are seen to have 
speeded up their movements by employing cilia and flagella. Such 
structures are still retained among higher forms to produce motion 
even when they are no longer available in locomotion, as for exam¬ 
ple, cilia bringing food particles into the gullet of a sedentary 
clam, or removing particles from the respiratory passages of air- 
breathing animals. 

The acrobatic Hydra , as described as early as 1711 in the re¬ 
markable Memo ires of Tremblay, pioneer observer and experi¬ 
menter with Lilliputian life, gaily progresses along the under side of 
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the surface film of water by the method of turning somersaults 
(Fig. 516). Writhing worms and wiggling vertebrates of one 
kind or another fill in another chapter in .the story of locomotor 
evolution, but it was when vertebrates emerged from water to 
land, and levers in the form of legs came upon the scene, that the 

greatest, advance in locomotion was 
initiated. Once out of w ater animals 
could no longer go forw ard fin-fashion 
by lateral tailstrokes, for the air is 
not a sufficiently dense medium to 
make such strokes effective. 

v ri _ . . . Considerable lime elapsed during 

showing weak lateral legs which 1”® transition from water to land be- 

push the hod y along without fore ihe lateral legs of primitive land 

Jilting it off the ground. (After vertebrates assumed a vertical posi- 
JViorse.) r 

tion underneath the body, and suffi¬ 
cient strength and stability were developed to raise the body off the 
ground. Even then elongated animals, like salamanders and al¬ 
ligators, for example, made little attempt to bear the weight of the 
body on the legs. Since these appendages extend somewhat later¬ 
ally, like oars from a boat, they were used principally to push the 
animal along, with the weight of the body resting on the ground 

(Fig. 517). After t he weight-bearing 
function finally became established, 
nature tried many experiments with 
locomotor levers all the way from 
the sprawling plantigrade foot- of 
the bear (Fig. 518), to that of the 
wonderfully specialized horse, which 
stands stilted on the tips of single 
digits at the end of each leg (Fig. 

519). 

V ert ebrate locomotor appendages, 
w hich are fewer and less specialized 
Ilian those of invertebrates, may be 
paired or unpaired. The latter sort are confined to water animals 
and are the more primitive, taking the form of median fins , which 
are either continuous, as in amphioxus and the cyclostomes, or 
broken up into separate dorsal , caudal , and ventral fins (Fig. 15), 
as in fishes. 



Fig. 518. —The 
plantigrade foot 
of a bear. (After 
Schmeil.) 



Fig. 519.— 
The unguli- 
grade foot of 
a horse. 
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3. KINDS OF APPENDAGES 


In addition to median tins fishes normally have two pairs of 
paired jins, namely, pecloral and pelvic, which are homologous with 
the locomotor appendages of land vertebrates. 

Since paired (ins take no part in bearing the weight of the body, 
supported as it is by the water medium, they are not placed 
in the same key positions as are the legs of a quadruped, but 
instead may appear on the sides of 
the body at widely varying points 
in different species. With the earliest 
development of a neck in land ani- 

rnals the pecloral appendages tended Fir r^Outline of a codfish, 
to shill backward, but in fishes par- (Indus, the hind ]<>£s (pelvic fins) 
ticularly, the pelvic appendages are ol which are in front of the front 

apt to move forward from the nor- * ms )- 

mal position. In a case as extreme as that of the cod, (Indus, the 
pelvic fins became placed even anterior to the pectoral fins, that is 
to say, the “hind legs” of a codfish are in front of its “front legs” 



(Fig. 520). 

Both the unpaired and the paired fins of fishes are used primarily 
for balancing and steering rather than for locomotion. None of the 
higher vertebrates have more than two sets of paired appendages, 
though several, for example, whales, sea-cows, and that famous 
New Zealand bird Apteryx, have only one, while a few, notably 
snakes, caecilians, and legless lizards, lack appendages of any 
kind. 


4. HOMOLOGY AND ADAPTATION 

The paired appendages of vertebrates above the fishes are built 
on the same plan, that is, of the same sequence of bones. This 
consists typically of a tripod of bones known as the (jirdle, which 
is intermediate between the appendage and the backbone; a 
large shaftlike bone, called either the humerus or femur, accord¬ 
ing to whether it occurs on the anterior or the posterior pair 
of appendages; two long bones side by side, the radius and 
ulna, or the tibia and fibula respectively; a complex of several 
small bones, making the wrist or ankle; a set of five long slender 
bones, forming the palm or the sole; and lastly, at- the tips of each 
of the palm or sole bones, two, three, or more small cylindrical 
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bones, placed end to end, known as the digits or phalanges . For 
a diagrammatic representation of this sequence of bones in the 



Fin. 521.—'Diagram showing the homol¬ 
ogies of \ertehrHte appendages. Pr(CI)-l*u, 
Proeoracoid (eia\iel(‘)-puhis; Se-ll, scapula- 
ilium; Co-ls, coracoid-ischium, llu-Fe, lm- 
merus-fenmr; U-F, ulna-fibula; 11-T, radius- 
tibia; r-t, radialo-libiale: i. inlerrnediale; u-f, 
ulnarc-tibulare; c-c, centrale; 1-5, c-t, earpale- 
tarsale; Me-Mt, inetaearpale-metutursale; P, 
phalanges. 


appendages of a land verte¬ 
brate see Figure 521. 

Each bone of any ap- 



Fio. 522. — The prin¬ 
cipal landmarks of the 
locomotor skeleton. 
(Modified from llanke.) 


pendage has its counterpart not only in the appendage on the 
opposite side, but also in the appendage in front, of, or behind it, 
as the case may he. The similarity from side to side is spoken 
of as bilateral homology , while antero-posterior correspondence of 
parts is called serial homology. 

Not only may homology between the bones that make up the 
locomotor appendages of a single individual be established inter se, 
but the leg or arm bones of one vertebrate may be homologized 
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■with those of an entirely different species of quite unlike external 
aspect. For example, each hone in ihe flipper of a whale or a seal, 
as well as in the wing of a bird, or even in the foreleg of a horse or a 
dog, has its hoinologuc in the human arm. 

Although fundamentally alike, vertebrate appendages exhibit a 
great diversity, which is associated wilh the wide range of function 
that they perform. Climbing trees, burrowing in t he ground, swim¬ 
ming in water, jumping, flying, running, standing, striking, lifting, 
and grasping things, as well as many other kinds of activity, call 
for particular modifications of the type. 

The principal joints or landmarks of the locomotor skeleton in 
man are indicated in Figure 522. 


5. THE COMPARATIVE ANATOMY OF GIRDLES 


(a) Girdles in General .—Excepting in clasmobrnnohs, llie girdles, 
or intermediary bones on either side between the body and the 
limbs, are each originally made up of three bones (Fig. 521), which 
meet, in the form of a tripod at a common point where the free limb 
articulates. The triple character of the girdles is best seen in rep¬ 
tiles, especially in some extinct fossil forms, rather than in mammals 
where drastic modifications have taken place. 

In the perioral , or unleribr girdle , there is usually no articular con¬ 
nection with the main axial skeleton. The girdle is laced to the 
anterior part of the thoracic basket by means of ligaments and 
muscles. It may articulate with the sternum, as for instance in 
man, but never with the backbone except in rays and in certain 


pterosaurs. 

The pelvic, or posterior girdle, on the contrary, except in fishes, 
always articulates with the backbone, through the medium of the 
“sacral ribs 1 ’ (Fig. 110). This difference in attachment gives 
a greater range of motion to the pectoral appendages and a firmer 
support to the pelvic appendages, which in many cases, particularly 
in bipeds, bear the greater weight of the body. 

The three girdle bones of each pectoral appendage occupy posi¬ 
tions of serial homology with respect to the girdle bones of the pelvic 
appendages. Thus, one bone, respectively the scapula or the ilium, 
extends dorsally; another, the procoracoid or the pubis , is placed 
antcro-ventrally; and a third, the coracoid or the ischium , postero- 
ventrally. 
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The articular cup for the front leg at the junction of the three 
pectoral girdle bones is called the glenoid cavity , while the cor¬ 
responding articular fossa on the pelvic girdle for the reception 




Fin. 1)23.- The pectoral girdle 
and sternum of a European toad, 
Bumhimilor , showing the clavicle, in 
black, taking I he place of ihe pro- 
coracoid. SS, Mipraseapula; S, 
scapula: (11, clavicle; l\ procorueoid; 
C, coracoid; St, sternum (The ar¬ 
row points to the glenoid cavity 
where the arm is articulated.) 
(After Wicdersheim.) 



Fio. 324. Evolution of the 
pelvic girdle in fishes. A, a fossil 
elasmohranch. Plcurocantfms; B, 
a ganoid, Scuphirhynchus; C, a 
modern elasmohranch. has.* 
hasalia; i.p., iliac process; p.p., 
pubic process; p.e., pelvic ele¬ 
ments; rad., radialia. (After 
Wiedcrsheim.) 


of the hind leg by reason of its 
hollow shape has been named the 
acetabulum , or “vinegar cup." 

Although at first modeled in car¬ 
tilage, all of these girdle parts af¬ 
terwards become replaced by bone. They, therefore, belong to 
the category of replacing bones, similar to those of the inner skull. 
There are, however, certain additional bones of investing character 
in the pectoral girdle of fishes, as well as in other vertebrates in¬ 
cluding man, which put in their appearance without preliminary 
blue prints in cartilage. The principal one of these is the clavicle y 
wliich is substituted for, or takes over the work of, the procoracoid. 
The fact that it is not a transformed procoracoid but, instead, a 
new bone of entirely different, origin, is demonstrated by the pec¬ 
toral girdle of the European toad Bombinalor (Fig. 523), in which 
the procoracoid and the clavicle are both found present at the same 
time. 


(b) Pelvic Girdle .—Unlike the pectoral girdle the pelvic girdle 
has nothing corresponding to the thoracic basket with which to 
become involved. It is concerned solely with its hook-up to the 
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vertebral column. Like its pectoral homologue it consists typically 
of three parts, a dorsal element, the ilium , and two ventral ele¬ 
ments, of which the pubis is anterior and the ischium posterior, 
forming tripods on either side for the articulation of the hind 
legs (Fig. 521). All three pairs of pelvic girdle bones are replacing 
in character. Their typical relation to each other and to the back¬ 
bone undergoes some striking modifications 
in the vertebrate series. 

The pelvic girdle in fishes, when pres¬ 
ent,, is very simple, as would be expected, 
serving merely as a support for the pelvic 
fins without making connection with the 
axial skeleton. Jn elasmobranehs and car¬ 
tilaginous ganoids it is a flat ventral bar 
of cartilage (Fig. 521, C), the origin of 
which is suggested by Plcurocanlhus , a fossil 
elasmobranch (Fig. 521, A), as well as by 
certain telcost fishes in which two enlarged 
basal elements of the pelvic fins approach 
each other on the ventral side of the body, 
without uniting. 

The cartilaginous ganoid, Scaphirhynchus 
(Fig. 521, B), perhaps may be taken as a 
connecting link between this primitive con¬ 
dition and the cartilaginous pelvic bar of 
the elasmobranehs, since in it the two basal elements of the girdle 
unite, each contributing a half to a small intermediate segment. 
In the Holocephali these two parts do not fuse but are connected 
by a ligament, and each bears a dorsally directed projection, the 


'r \_ P .f. 

'V 

Fig. 525.—Ventral 
iew of the pelvic girdle 
>f IHolopterus. epip., 
pipuhic process; i.p., is- 
hialic process; myoc., 
riyormiiinata of connec¬ 
tive tissue; myom., mus- 
culsir myomeres; prep., 
prepiibio process; p.f., 
pelvic; fin. (After Wie- 
derslieim.) 


iliac process. 

The Dipnoi, as represented by Proioplerus (Fig. 525), have a 
median cartilaginous ischio-pnhic plate of bilateral origin serving 
as the pelvic girdle, with six processes exlending from it. The 
prolonged anterior process, along t he midventral linen alba , is the 
epipubic, and the posterior extension opposite, also in the median 
line, the ischialic process. Of the two paired sets of processes the 
more anterior, lying between the lateral muscles of the body wall, 
are the prepubic , while the more posterior short projections, to 
which the pelvic fins are attached, are the iliac processes. 

Caudates, pioneers among walking tetrapods, possess a carti- 
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laginous ischio-pubic plate similar to that of the Dipnoi, with an 
improvement in I lie form of ischium bones that replace the cartilage 
in the posterior region of the ischio-pubic plate. Two separate 
iliac bones also, which replace, the iliac processes, reach the single 


A 


...■femur 


c pi pub/s' 
pubic cartil.*' 

B 



L. ischium 



acetabulum 
--■•ilium 

.sacra! vertebra 
..sacral rib 


ilium 

. ischium 


Fie;. 526. Perioral girdle of a salamander. ^honing sarial rib \, \rnlrnl; B, 
laleral. (The raililagr is dolled.) (\fler \\ irdersiieim.) 

sacral vertebra (except in Prolcus and Aniffhiuma), joining it by 
means of two small intermediate parts known as sacral ribs (Fig. 

526). 

In the place of the prepubie process of I lie Dipnoi, 1ml probably 
not homologous with i(, there appears in all hmg-hreathing 

caudales an independent V-shaped cartilage, 
I he yftsiloid carlilatjc , I hat connects secondarily 
/*/ with the pelvic girdle and has to do with the 
respiratory musculature. There is also a per¬ 
foration on either side of the ischio-pubic yilate 
(jjhac in the anterior or pubic region, called the 
libch..imf' foramen obluralorimn. 

(Considerable modification of Ihe pelvic*-girdle 
p 1( . 327.-PrUic, ta ^ os place in Ihe Salientia due to their hop- 
girdle of African ping and jumping methods of locomotion. The 
toad, Arnopus. sn\ % African toad, A enojnis (Fig. 527), shows a 

acetabulum. (After . . ,, ... . . 

Wiedei.sheim) generalized pelvic girdle with three pairs ol 

contributing bones all typically ossified from 

cartilaginous forerunners, and, in addition, the ypsiloid cartilage, 

which in this case is not forked but spatulate in shape. 
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Fig. 528. Ventral \ iew of pelvic girdle of 
Sjj/icnodon. nr , neelabulum; ob.frr., obturator 
foramen; p-i.for.. pubo-iscliiac* foramen. 
(ATler \\ iedersheim.) 


Tn the frog Rana , however, the three pairs of pelvic bones form 
a Y-shaped structure that connects the jumping legs witli the 
single sacral vertebra. The legs are articulated on either side of a 
round disc, which is made up of components from all three pelvic 
bones so welded together 
that the foramen obtura- ^ ^ 
torium is obliterated en¬ 
tirely. From this disc 
springs upward a pair of 
sword like extensions, the 
ilia , that reach the ver¬ 
tebral column which tee¬ 
ters up and down sus¬ 
pended between their 
tips, thus absorbing in 
part the shocks that 
would otherwise reach the brain when the jumping frog lands. 

In reptiles less cartilage remains unossilied and all of the pelvic 
bones are well developed and distinct. There is a symphysis, or 
union, of both pubic and ischiae bones along the midventral line 
in lizards, whereas in crocodiles only an iseluac symphysis occurs, 
the pubic bones remaining wide apart. 

The large open space on either side between the pubis and the 
ischium is termed the ischio-pnbic fenestra. A foramen obturato- 
riuin persists in Sphenodon (Fig. 528), the plesiosaurs, and lizards 
but in turtles and crocodiles it combines with the ischio-pubic 
fenestra into a common opening separated from its male on either 
side by a median ligament, and is then termed the obturator 
foramen (foramen obluratum) in distinction to the foramen obtura- 
torium of the pubis. 

The articular cup, or acetabulum , for tlie attachment of the 
hind leg at the junction of the three pelvic bones, is perforated 
by an attaching ligament in crocodiles, birds, and monofremes, 
but not in mammals generally. Small epipubic and h>po-ischialie 
elements, which are absent in crocodiles, retain their identity in 
lizards and turtles. The ilia in crocodiles and dinosaurs widen 
fore and aft to enclose a larger number of supporting vertebrae 
for the hind legs, a tendency which becomes extreme in birds. 
Ichthyosaurs, which used their tails in swimming, as well as 
cetaceans and sirenians that have no use for hind legs, are 
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characterized by a greatly reduced pelvis since locomotion is not 
dependent upon it. 

Among the legless snakes the pythons alone retain a trace of the 
pelvic girdle, reminiscent of the remote past when the ancestors of 
snakes walked. 

Dinosaurs among the reptiles of the past gave prophecy of the 
modifications which characterize the pelvic girdles of lizards and 



Fig. 529.—Pelvic girdle of u 


birds. For example, the girdle of the 
fossil reptile Stegosaurus (Fig. 529), 
shows a spreading fan-shaped ilium, 
a long ischium extending posteriorly 



dinosaur, Stegosaurus. (After Fig. 530. — Pelvic girdle of a hen. 

Marsh.) (After Leche.) 


inS 


without a symphysis, and a backward-projecting pubis on either 
side that runs parallel to the ischium instead of meeting anteriorly 

and vent rally in a pubic symphysis. The place of 
a typical pubis in some instances is partly filled by 
1 V an anterior prepubic process. 

Modern birds exemplify all of these features, with 
v- ^ ie enormously expanded and brought in con- 

tact with many vertebrae. The prepubic processes 

PeUdc girdle of are reduced or absent (Fig. 530). In the embryo 
un embryo bird, of the bird the pubic bones at first extend trans- 
showing the imt- verse]y, approaching each other as if a symphysis 

or j unctiou wcre to folIow (^B- 531), but, by the 
its backward time the adult condition is reached, they have spread 
m i g r a t i o n. apart and come to project backward, as in Stego- 
ert*) ter Mehn " s uurus\ thus allowing for an unobstructed passage 

of large eggs with breakable calcareous shells. Long 
before the expeditions to Mongolia that unearthed the famous 
dinosaur eggs (Fig. 532) now reposing in the American Museum of 
Natural History in New York City, the spreading pubic bones of 
these fossil reptilian giants made it possible to guess with reasonable 
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certainty that in their day and generation they laid sizeable eggs 
with calcareous shells. 

The primitive character of the earliest known bird, Archaeop¬ 
teryx , is clearly shown by its small pelvic girdle bones with distinct 



Fig. 532.—Imaginary sketch of hatching dinosaurs. 
(L)ra\vn by W. D. Sargent.) 


sutures between them, and by the presence of an unbirdlike 
pubic symphysis, as well as by the fact that the ilia connect with 
only six sacral vertebrae, instead of the larger number character¬ 
istic of modern birds. 

In mammals generally the three embryonic bones on either side 
of the pelvic girdle fuse together to form the single innominate 
bones of human anatomy (Fig. 533), which meet vent rally at the 
symphysis pubis. Certain ratitates, Rhea and Strulhio, but not 
other birds, as well as monotremes, marsupials, many rodents, in- 
sectivores, ungulates, and carnivores, have a symphysis ischial icam, 
as well as a symphysis pubis, but in primates, while the pubic 
bones unite in a symphysis, the isehia separate, forming two 
posterior skeletal projections that support the sitting animal. 
It would be extremely awkward for a cow, even if so minded, 
to “sit down” upon the single sharp ridge formed by the fusion of 
the two isehia. 
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The large common opening resulting from the coalescence of 
the foramen obturatoriurn and the ischio-pubic foramen, is called 

the obiuralor foramen (Fig. 534). Through 
this bony halo must pass every mam¬ 
mal that is normally born into the world. 
There are distinguishable sexual differ¬ 
ences in this opening, which for obvious 



Fin. 533.- Imier sur¬ 
face of the iiiiioruina t e 
bone of a child of eight, 
^ears, showing the com¬ 
ponent parts. II, ilium; 
Is, ischium; P, pubis. 
(After Morris.) 



Fig. 534.—Outline' of the female pelvis, 
a-b and c-d, two diameters of the pelvic 
opening, (\fler Cunningham ) 


reasons, is relatively larger in the female than in the male. Rauber 
gives the following average comparative dimensions in man, re¬ 
ferring to Figure 531. 


9 


a to t) 
12.7 cm. 
11.5 cm. 


c to (I 
11.2 cm. 
12.7 cm. 


Monotremes and marsupials Itave an additional pair of pelvic 
replacing bones, called marsupial bones , the origin of which is 
unknown. It has been suggested that they may be transformed, 
abdominal ribs, or paraslernalia. The fact that, unlike the ab¬ 
dominal ribs of reptiles, they are replacing instead of investing 
bones is not favorable to this supposition. Furthermore, no 
trace of them is found in placental mammals. Although they are 
doubtless useful in supporting the pouch of the female marsupial, 
they are not primarily utilized for that purpose, since they are 
equally well developed in both sexes. Whatever part they may 
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play for their possessors, they are definitely of service to the com¬ 
parative anatomist in enabling him to distinguish the skeleton of 
a marsupial from that of a placental mammal. 

The cotyloid boric , an additional small bony J 
element which enters into 1 he formation of the f *' 
acetabulum in mammals (with the exception of c 
monotrernes, rodents, and bats), ossifies later than f 
the other component parts of the pelvic girdle 

(Fig. 535). Fm. 533. -PH- 

mi i mc girdle ol a 

J he human pelvic girdle is tor many reasons y lV crra, 

perhaps the most characteristic and distinctive showing the cuty- 

part of the human skeleton, recording as it does *°'d k<me. Ac, 

drastic adaptations us the result of upright posture. J j ^ J. o 1 1 iVi 11 1 •: c! 

Its triple composition is ap- <oi\I<>id hone; I, 
parent embryologieally for it Is ischium: 

is not uiilil about tb<‘limo of U )' * ' 

puberty that the three ele¬ 
ments on (‘ither side become completely fused 
into the innominate bones, which together 
with I he sacrum and coccyx of I lie vertebral 
column make up the pelvis. \ (inn, bony 

showing the sihti.h as l,owl allarhrtl Jo llm \ort.-bial 

a key si one which, axis is thus formed in a position that not only 
though upside down, provides attachment for the legs but also 

nevertheless f'unefions , ., 

as sucli l.v reason of s,, PP° rts »•'<- > is' .Mll. 

the net ion of the ilco- The spread of the iliac portion of the pelvis 

saeral ligaments, since | s oxeater among higlitT races titan among 
the greater the weight . , . . , j i 

Irom ol>ove, the more I»rmnl.v« people^ and in quadrupeds, vvheie 

lie iliac hon<s i,‘nd io the weight of the viscera do(‘s not bear so 

pinch together, thus directly on the pelvis, the iliac bones are 
holding the sacrum in * , . . <» , 

place I ilium- V narrower and do not Hare so lar apart. 

pubis; F, femur: i.s.l., r fhe curving 1 mads of I he two femurs form, 

ileo-sneral ligament. NV iih |,he innominate bones, part of an arch 

AVyerV { M ^ <In H1 wlm 1 ! 1 is eom])leted above by the sacrum as a 

keystone (Fig. 130), w hich resembles a wedge 
upside down. On this arch lhe. weight of the entire body is sup¬ 
ported. The faults of this mechanical curiosity, as pointed out by 
Meyer, are corrected by means of ilco-sacral I ir/a merits that extend 
from the sacrum to the upper edge of the ilium (Fig. 536). When 
the weight of the body presses dow n upon the sacrum it pulls upon 
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these ligaments with the result that the iliac bones pinch together 
like a vise, thus holding the upside-down keystone firmly in its 
place. The greater the weight the more firmly the sacrum is held. 

Another ligament important in maintaining the upright posture 
of the body is the ileo-femoral ligament that extends from the head 
of the femur on either side t o the antero-ventral edge of the ilium. 
As the center of gravity of the body falls through the sacrum 
somewhat behind the attachment of the legs to the pelvic girdle, 


f . 0 <° 


[pubis \ 


\ .\ySacroro 


IV/-Coccyx 


L. Ischium 


|\ 

' M 

V 

Fig. ,137.— Diagram to 
show how the ileo-fcinoral 
ligament, (i.s.) tends to pre¬ 
vent the body from tip¬ 
ping backward, although 
the renter of gravity (G) 
normally falls behind the 
femur. (After Meyer.) 


it, acts as a guy line or counterbalance 
(Fig. 5117) to prevent the body from fall¬ 
ing over backward. The upright attitude 

-Scapular region 

^“rSej'Tl P asa « a 

I / « S ^ V . '^- - , "P ro T ) t , erio'ii)nri 

esopte rid ium 
^ XxY^y^gtaptrerj^iufn 


Coracoid \w> 
region 

Radialia~'']W’ 






Acti notrichieK^^u;-'^ ^ 


A 


Fig. 533. —Pectoral girdle of a dogfish, 
showing actinolrichta, or horny rays. (After 
Parker and Ilaswell.) 


is obviously maintained not by mechanical devices alone but by 
balanced muscular action, as is shown by the collapse of an in¬ 
toxicated person who has temporarily lost control of his muscular 
tonus. 

(r) Pectoral Girdle — The pectoral girdle has evolved further from 
the primitive set-up and is somewhat more, complicated than the 
pelvic girdle, not, only because of its secondary relations with the 
sternum and comparative freedom from the backbone, but also be¬ 
cause investing as well as replacing bones take part in its formation. 

It lias its rise in the lower aquatic vertebrates, just posterior to 
the region weakened by the perforations of the gill slits. Hence 
the need for supplementary investing bones at this point was 
much greater than in the region of the pelvic girdle. 
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co- 

Fig. 539. - Pectoral 
girdle and lin of a teleost. 

o, ossicles; co, coracoid; 
cl, clavicle; I'.r., lin rays; 

p. cl, postclavicle; pt, 
post temporal, connect¬ 
ing with the skull; sc, 
scapula; s.cl, supra- 
(,lavide. (After Folsom.) 


The ventral anchorage to the sternum of the clavicles , which in 
man are involved in providing an adequate support for the arms, 
is such that, interference with the free re¬ 
spiratory movements of the ribs is largely 
removed. 

Since there are no girdles of any kind 
either in amphioxusor the cyclostomes, the 
point of evolutionary departure for the 
pectoral girdle, as for so many other ana¬ 
tomical features, is found in the clasmo- 
branch lishes, where a horseshoe-slmped 
bar of cartilage with its points extending 
upwards dorsally hooks under the “ throat” 
just posterior to the gill arches. On either 
side of this inverted arch the paired pec¬ 
toral fins articulate about midway from 
the tip to the venlral point of junction. 

The part, above the attachment of the lin 
on either side (Fig. 188 ) is the scapular region , while that below, 
which joins the two halves of the arch ventrally, is the coracoid 
region. Jn skates and rays but not in dogfishes and sharks, the 
dorsal end of the scapular region may articulate with the most 

posterior branchial arch, thereby es¬ 
tablishing an indirect connection with 
the axial skeleton, an unusual con¬ 
dition among vertebrates. 

The pectoral girdle of ganoids, dip- 
noans, and telcosls begins, as in 
Fio. 540. Venlral view of the elasinobranchs, with the formation of 
shoulder girdle ol an ex i in cl, a cartilaginous arch, which later be- 

probable arran^rncnl of tl.c overlaid by investing bones. 

missing cartilaginous parts is in- The dorsal scapular region is t hus 

dicated hy the doited outline, supplemented by a cleillirum , and the 
(After Gredner.) . . . , , . » 

ventral coracoid region by a clavicle . 

In bony ganoids and teleosts (Fig. 539), the investing bones which 

predominate are described as “clavicles” by Butsehli and as “elei- 

thra” by Gegenbaur. Whichever terminology is correct, they form a 

chain of investing bones that may connect even with the skull. In 

teleosts, coracoid and scapula ossify from cartilage as distinct bones, 

although outside investing bones make up the bulk of the girdle. 



£ pi Sternum 
lavicle 

cl«ithru<T\ 


bon 


cartila^ioou 
coracoid * 


23 


racoid 
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The fossil stegocephals unfortunately have only the bony parts 
of the pectoral girdles left to tell the tale, but these include cora¬ 
coids, a pair of clavicles, and cleithra (Fig. 540). 

In caudates the two halves of the girdles develop separately as 
cartilaginous plates, with a dorsal extension, the scapula , and two 
ventral elements, the procoracoid being anterior in position and 
the coracoid posterior. At the junction of these three parts the 
anterior appendage articulates on either side in a hollow, the 
glenoid cavity , instead of on a prominence as in elasmobranchs. 
The two halves of the girdle in these primitive amphibians remain 
disconnected throughout life, although they meet ventrally and 
the coracoids may overlap. Later in the cartilaginous scapula 

region near the glenoid cavity, the bony scapula 
y f pc appears, leaving a distal unossified fanlike part of 
L the cartilage, which is termed the supra-scapula 

Jjkm* (Fig. 541). 

^ Among the Salientia the median margins of the 
&‘ coracoid and procoracoid cartilages coalesces on 

Fio. 541.-~Dia- eac ) 1 s j(j e into an cpicoracoidal cartilage (Fig. 462). 
gram oltne slioul- , . , . . , . , ' 

d e r girdle of a bi toads the epicoracoids may overlap or slip past 

caudate, oo, cora- eacli other after the manner of the coracoids in 

coid; h, humerus; cau( jates, but in frogs they abut on each other or 
pc, procoracoid; r . . . • i i i » rp., 

s scapula; ss, * use in *° a common epicoracoidal plate, the 

supra-scapula; st, procoracoid becomes strengthened externally by 
archisLernuni. an overlying investing bone, the clavicle , which 
helm ) eventually takes its place. Both the cartilaginous 

coracoid and the scapula are replaced by bone, 
and even the supra-scapula in part, so that there finally result in 
the pectoral girdle of the frog the following paired bones: clavicles, 
coracoids, scapulas, and supra-seapulas, together with the carti¬ 
laginous epicoracoidal plate, of which parts only the clavicles are 
investing in character. The ventro-median ends of the clavicles 
and coracoids are embedded in the epicoracoidal plate, which also 
fuses with the sternal elements to form a continuous ventral 


archisternal structure. 

In general the pectoral girdle of reptiles is more bony than that 
of amphibians, but lacks cleithra or other investing bones except 
the clavicle, which takes over the duties of the procoracoid. The 
pectoral girdle of turtles on either side consists of a tripod of 
rodlike bones which lacks the clavicle. The dorsally extending 
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part of the tripod is the scapula, and the posterior ventral element, 
the coracoid, but the anterior ventral element, which was formerly- 
taken to be the investing clavicle, is now known to be an outgrowth 
of the replacing scapula and is termed the acromion . It is homol¬ 
ogous to the acromion process of the mammalian 
scapula (Fig. 542). 

The pectoral girdle of turtles is peculiar in 
another way. The whole structure, as well as 
the pelvic girdle, is inside the ribs which form 
the shell, an arrangement not found among other 
vertebrates, in the embryos the girdles are still 
outside the ribs as usual, but with the modifica¬ 
tion of the ribs into costal plates that Hatton 
out and unite edge to edge to form t he shell, the 
two pairs of girdles sink in and are covered over , y/'* 
by I he expanding ribs. bla <i < 

In chelonians and crocodiles the clavicle, al- f roln behind. A, 
though appearing in the embryo, likewise docs process - *Sp~ 

not develop in the adult, intimately related spina; Sc, scnp- 
witli the pectoral girdle in hot!) crocodiles and ,iIh - (Drown by 
lizards is a T-shaped episienium , while the cora- 1 i( kl ( s ) 
coid of lizards is frequently fenestrated, that is, broken up into 
window-like parts, suggesting the original procoracoid and coracoid 
components (Fig. 46,1). 

The absence of girdles of any kind in snakes (except pythons) 
is correlated with the extreme lengthening of the body and the 
absence of appendages. The same state of affairs is true of the 
legless lizards and burrowing caecilians. 

Birds, whose extremely flexible necks tend to push back the 
anterior girdle bones towards the compact, centralized region of 
the body, have a completely ossified pectoral girdle. The scapula 
becomes reduced to a narrow sword I ike bone that lies close to the 
ribs along the dorsal surface of the thoracic basket; the coracoid 
is enlarged into a stout si,rutlike bone that braces against the 
upper edge of the sternum oil either side; while the clavicles, by 
the medium of an inlerclavicular element, the farcnla , join into 
a “ wishbone,’* which in most, cases also anchors onto the sternum, 
thus making a firm skeletal foundation for the attachment of the 
wings. The glenoid cavity, or the points on either side between 
which the body is suspended by the wings, is partly on the scapula 



616 


BIOLOG Y OF THE VERTEBRATES 



glenoid cavitq 


coracoid 


clavicle 


and partly on the coracoid, thus insuring adequate articulation 
(Fig. 543)'. 

Ratitates, or running birds, show adaptive differences, as com¬ 
pared with can nates, or flying birds, for in these forms both 
coracoid and scapula are reduced in size and anehylosed together, 
and the abbreviated clavicles fail to meet in a furcula. In Pachy - 
ornis , an extinct “mou/’ the shoulder girdle is entirely absent, 
and in the living wingless Apteryx it is extremely rudimentary. 

There are two types of pectoral girdles in mammals, as exempli¬ 
fied in primitive monolrentes and in higher mammals. Monotremes 
retain the coracoids and have a lizard-like investing episternum 
intimately connected with the pectoral girdle, while the scapula 
is also quite linmanirnalian in appearance (Fig. 167). Other mam¬ 
mals lack the coracoid except in the form of the coracoid process , 

Scapula which may remain for some 

time as a separate skeletal ele¬ 
ment before its final fusion with 
the scapula. Since the scapulas 
are the sole bearers of the 
anterior appendages I hey he¬ 
roine broadened usually into 
thin flat t riangular bones, each 
characterized by a keel-like 
ridge, the spina scapulae , for 
the generous attachment of muscles (Fig. 512). The spina scapulae 
have no cartilaginous antecedent and may possibly be homologized 
with the investing c lei Mira of fishes. 

In mammals such as bats and primates, in which there is great 
freedom of movement of the anterior appendages, the clavicles are 
strong and well developed, connecting the scapulas with the 
sternum. Diggers, (‘limbers, and flyers belong to the collar-bone 
fraternity, while ungulates, sirenians, and cetaceans are either 
without a clavicle or have il much reduced. A jumping horse could 
not be trusted with clavicles, because, they would constantly be 
liable to breakage if present. The clavicles of cats are merely 
degenerate splintlike floaling bones, unattached at either end, so 
that the free bladelike scapulas may be seen slipping up and down 
past each other under the loose skin when these animals walk, 
making great freedom of motion possible for the quick stroke of the 
carniv orous paw. 



.sternum 
Fig. 543.—Left perioral girdle of bird. 
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6. THE FREE APPENDAGES 

(a) Unpaired Fins .—The locomotor appendages of vertebrates 
may be separated into single median and paired lateral appendages. 
The former type reaches its highest manifestation in the unpaired 
fins of fishes. 

The forerunner of the median appendages is seen in amphioxus, 
where a continuous fin, or integumcntal fold, supported by con¬ 
nective tissue (Fig. I t),_^ 

extends from the antero- ^ 

dorsal region around the 
end of the tail, and ven- 
Irally to the right of the 
anus as far forward as t he 
atrial pore. A similar 
continuous median fin is 
characteristic* of most 
fishes in early embryonic Fi«. S*lt.--DitfcToni. typos of tails in fishes, 
stages. As development, <l»ph>« % «'real; R, hoterororcal; I), homo- 

, ,* nr wail 

proceeds, portions ot this 

continuous tin are absorbed, leaving isolated parts which form the 
various dorsal , caudal , anal, and venlral tins (Fig. 520). Jn general 
these median fins servo* like the centerboard of a sailboat, to 
maintain an even keel in water. The caudal fin also increases the 
ell ecliveness of the lateral stroke of I he tail in sculling locomot ion. 

The paired horizontal fins of skates and rays are expanded, en¬ 
abling these bottom-duelling animals to move up and down as 
well as to swim forward. 

The mosl primitive t\pe of tail fin in fishes js diphycercul (Fig. 
514, A), in which tin* vertebral column remains unbent and the 
inconspicuous llanges of the* caudal tin an* practically equal, dor- 
sally and venlrally. In elasmobranchs and some ganoids the end 
of the skeletal axis curves upward (Fig. 511,13), so that the ventral 
flange of the caudal tin becomes considerably longer than the 
dorsal portion. This condition is termed helerocercai The great 
majority of fishes, however, have a homocereal arrangement, that 
is, the upturned end of the skeletal axis, which becomes reduced or 
obliterated, secondarily causes the dorsal flange to equal the ven¬ 
tral part. In long-bodied fishes like squirming eels, the unnecessary 
tail fin becomes quite degenerate. 
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Frequently the caudal fin becomes deeply incised, as in the 
mackerel, Scomber (Fig. 544, D), or more or less rounded, as in the 
“mummichug,” Fundulus (Fig. 544, C). 

Since all fins must have flexibility, this end is best accomplished 
by each fin acting as a whole, without the levers and joints that 
characterize the locomotor appendages of land vertebrates (Fig. 
545). To bring this about they are braced in position by skeletal 



Fig. 545.—Girdles und paired appendages in an elasmohranch. A, pelvic; 

B, peetoral. 


elements which lie between llie two walls of the fin fold. The most 
proximal of these supporting elements (basalia) connect with the 
neural spines of the underlying vertebrae secondarily, while the 
more distal elements (radialia), which may be either cartilage or 
bone, splice on to the basalia, thus extending the area of the fin. 
Kadialia of bone may be regarded as derivatives of the bony scales 
of fishes. In addition to them there is present in many fishes still 
a third kind of fin rays ( aclinolrichia ). which are horny in texture, 
epidermal in origin, and double in structure (Fig. 188), one half 
being derived from either side of the fold of skin constituting the 
fin. Actinotriehia may entirely replace the radialia, although in 
most fishes both radialia atid basalia appear. 

The very primitive fin rays of amphioxus are gelatinous in char¬ 
acter. Frequently isolated basalia, usually situated directly in 
front of the fin proper, develop into defensive spines that are 
augmented by basal poison sacs. 

Amphibian larvae, as well as adult peremiibranchs, have a caudal 
fin that may extend some distance anteriorly, but which differs 
from the caudal fin of fishes in being without skeletal support. 



THE SKELETON 


619 


Sirenians and cetaceans also develop caudal fins or flukes which, 
like those of the amphibians, are unsupported by fin rays of any 
kind, and are horizontal rather than vertical in arrangement. 

(i b ) Lateral Appendages in General .—Typically there are two 
pairs of lateral appendages in all vertebrates. Although not strictly 



^ ^FoeiafNewborn £yrs 6(/ns IZqrs 25*«jns 


Fig. 546. —Figures illustrating changes in body proportions during prenatal 
and postnatal growth. (After Stratz, in Morris, Anatomy.) 


metameric in origin, as are the paired appendages of invertebrates, 
like them they serve a great variety of uses aside from the primary 
function of locomot ion. 


Of vertebrates without paired appendages, amphioxus and the 
cyclostomes represent a primitive condition. Other legless verte¬ 
brates, such as caecilians, 

snakes, and certain lizards A v B G 

when adult, may be said to 

be reduced secondarily to J J V ^ J > 

this State, for some of them Fig. 547.—Diagrams showing th rela- 

have appendages, at least ti()ri ° r the appendages in A, a new-born 
. t , child; B, an adult ape; and C, an adult 

in their early stages. Legs Jnan (Afler wied«n«hcim.) 

have been found, for in¬ 
stance, in the embryo of the apodous amphibian, Gymnophiona , 
by P. and F. Sarasin. 

A few vertebrates have only anterior appendages. The list 
includes the ganoid Calamoichlhys; representatives of the teleost 
order of Apodes; the caudate Siren; the lizard Chirofes; the orders 
of Sirenia and Cetacea (although Kukenthal found hind legs in the 
embryo of one species of whales); and some other forms. 
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A smaller list of vertebrates, having only posterior appendages, 
includes pythons and boa-constrictors with rudimentary hind legs 

embedded in the skin; the 
lizards Pygopus and Pseu¬ 
dopus, and possibly some 
other forms. The Austral¬ 
ian burrowing “kiwi,” 
Apteryx , although regarded 
as wingless, shows vestigial 

i i anterior appendages. 
riri.fi4.lt Successive stages in On* develop- ,r ^ 

of I lit- human h»nd. Th< liRurns indicaU' Tile relative lengt h of 

the relative size of the cinhr, o in case, arms and legs ill mail as 

(After ltd,/ins.) w( .„ af , h(wJ an(1 tr(luk 

varies with age (Fig. 516). Eventually the legs, which at first 
are shorter than the arms, come to be longer, so that it is not 
easy for man to assume the quad¬ 
rupedal position. Such a change of 
relation during ontogeny is paral¬ 
leled by the phylogenetic series of 

primates, as shown diagrammali- Fig. -Diagram of the an- 

cally in Figure 517. ter I Of tin, nrchiptcrygiiiin, of 

¥ -f , • li ,i <» . , i. Neoceralodns. (After Galloway.) 

Embryomcally the first, part ot 

the budding appendage that shows on the side 
of the human embryo turns out to be the distal 
part, that is, the future hand or foot (Fig. 548). 
This bud soon becomes scalloped, marking the 
future lingers or toes, and then, after a “web- 
footed’’ stage, the separate digits are finally es¬ 
tablished. Meanwhile the long bones of the arm 
or leg push out the terminal hand or foot, as the 
Fig. 550. Tar- case' may be, just as if t hese extremit ies were borne 
sus of a salamander, U p on j|, ( > (M id of an extending leverlike handle. 

fihularc, i, inter- (<') DiJjcrenl Pectoral Appendages.- the pec- 

mediate; l, libiale; toral appendages of fishes are of two general 

c 1 and (-. ccniralia; represented by the paired pectoral fins of 

1-6, diKlal row of , , , . , 4 , v 

tarsals; I V, mcia- elasmobranchs and the nipnoaus. In the iormer 

tursals. (After Wie- a chain of enlarged cartilages, or basalia, at the 

derslieim.) base of the lin, articulate with the girdle (Figs. 

558 and 515). In the dipnoan type, there is a chain of skeletal 

elements with lin rays equally displayed on either side (Fig. 549). 
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Various attempts have been made to homologize the skeletons 
of the paired iins with Hie bones in the lateral appendages of 
letrapods, but without universal satisfaction to comparative 
anatomists. 


Beginning with the caudates each lateral anterior appendage 
consists of the following sequence of bones, joined together as a 
system of levers: a single 
long bone, the humerus , ar¬ 
ticulating with the girdle; a 

pair of long bones, the radius Pterodactyl 

and ulna; at least two rows ^ 

of wrist bones, carpalia; five 
palm bones, meiacarpalia; and 




pals of Sphenodon , 
showing two cen- 
trale bones, R, ra¬ 
dius; l_J, ulna; r, 
radiale; i, inferme- 
dinlr; u, ulnarc; c l 
and c 2 , centrulia; 
1 5, carpalo 
bones; 1-V, rneta¬ 
carpalia; P, pisi- 
fonne, a sesamoid 
bone. (From Wie- 
dersheiin, after 
Raur.) 




Fig. 552.—Three methods of flying with 
homologous appendages. (Modified from 
Pander and d’Alton.) 


finally, digit bones, or phalanges . (See Table of Homologies, 
pp. 626-7.) In caudates there are. present four fingers instead of 
live, with extra bones, centrales , inserted between I he two rows of 
carpals in the wrist (Fig. 550). 

A fusion of the radius and ulna into a single bone, the radio¬ 
ulnar , takes place in the Salientia, while the middle one of the 
proximal row of carpal bones, the intermedium , is absent. 

Among reptiles, Sphenodon has two centrale bones in the wrist 
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(Fig. 551), but only one is common to other reptiles, except croco¬ 
diles which have none. The extinct ichthyosaurs and pleisosaurs 

had a great multiplication of phalanges to sustain 
their flipper-like appendages, while the fossil ptero¬ 
dactyls had an enormously elongated fourth finger 
to which was attached the stretched sail-like skin, 
serving as an organ of flight (Fig. 552). 

The original quadrupedal character of birds is seen 
in nestlings, which scramble about the nest, using 
their undeveloped anterior appendages as legs (Fig. 
179). In adult birds complete emancipation of the 
anterior appendages from terrestrial locomotion ap- 

Fig. pears with their extreme modification into wings. 

Diagram ol the 1 ° 

wing bones ol* Not only are the long bones of the bird’s wing much 

an embryo lengthened, but the carpals are compacted together, 

tern, Sterna, an( j u ie finger are reduced in number, normally to 
showing traces n . ’ 17 

of three fingers, one (rig. 425), which furnishes a rigid support for 
in black. (AC- the quill feathers of flight. Archaeopteryx points the 
ter Leighton.) wa y t] ia j this extreme evolution has taken by the 

presence of three fingers on each wing instead of one (Fig. 14). 
The tern, Sterna , embryonically shows three fingers, but in most 
birds the tradition of a penta- 
dactyl ancestry has been quite 
obliterated, even in their embry¬ 
onic development (Fig. 553). 

The anterior appendages of 
mammals, which have a single, 
basic plan, exhibit a great vari¬ 
ety of modifications, due to the 
diverse uses to which they are 
put. Climbing, digging, flying, 
striking, standing, running, 
grasping, and lifting arc only a 

few of the many functions that 

i ' . . . i whale: C, penguin. (After von Han- 

make necessary structural adap- kIm . m ^ 1 

tations. Nevertheless, even in 
the extremely modified flippers of the whale (Fig. 554), it is possi¬ 
ble to homologize each of the transformed bones present with those 
of other mammals. 

The human arm is a fore leg which has been freed from the 



Fig. 554.—Flippers. A, sea turtle; B, 
mle: 
stein.) 
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work of locomotion and support, but the inherited system of 
levers and joints has been diverted to various other uses with 
conspicuous success. The function of the prehen¬ 
sion of food, for example, is no longer confined to 
the mouth and lips, as in many animals whose 
arms are still legs, nor are defensive structures, 
like horns or fangs, any longer necessary, since the 

swinging arms take 
the place of such 
organs of defence. 

The entire arm is 
pivoted to the pec¬ 
toral girdle by a ball- 
and-socket joint 
which allows great 
freedom of motion. 

Other joints between 
the separate arm 
bones, while limiting 
tiie range of motion 
in each instance, in¬ 
sure a gain in strength 
and effectiveness. 

Thus, at the elbow 
there is a hinge joint Fig. 555. -Di- 

Crrpal* that, moves in only a £ ram showing 

i 1 . I • . the relative posi- 
one plane but which r 1 

1 # lions ol Die ra- 

by means of this dius and ulna in 

specialization is ren- pronation and su- 

dered all the more J7“ ,ion - ( *'' ter 

lieitzmann.) 

efficient. The joints 
of the wrist and hand are mostly 
hinge joints, moving likewise in one 

Fig. 556.- I diagram showing l ),ane ’ b,lt llle rotation of the radiuS 
how the hand is hung upon Die around the ulna (big. 555) brings 

radius, and the articulations the hinge action of the hand into 
(dotted lines) of the wrist. any desirablc plalle . 

All of the small wrist bones are irregular, many-sided structures 
held together by ligaments and so playing upon each other as 
to allow considerable motion. They fit together as a whole. 



Met*- 
c.*«.p*u* 
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forming a hollow trough with its convexity on the palmar side 
of the hand. Across this cavity the ligamentum carpi transversum 
stretches from side to side, and under the bridge thus formed the 
tendons, blood vessels, and nerves that supply the lingers go in 
safety. 



The articulations of the wrist bones, as well as the other bones of 
the arm, are shown diagrammalically by dotted lines in Figure 

556. It will be seen from this diagram that 
the entire hand is hung upon the radius 
which is enlarged at the carpal end to re¬ 
ceive it. Although the radius takes some 
part, in the articulation of the forearm to 
the humerus at the elbow joint, this func¬ 
tion is mainly accomplished by the ulna, 
which is consequently enlarged at that end. 

Fin. 557. -The volar Such an arrangement makes it possible for 

as[H?ct of til,- human wrist |lft djs(al end of the radius boarinfi the 
showing (in mack) where n 

extra wrist hones have hand to rotate freely in a half circle, carry- 

been found in various intr t| je complex hand bones with it. 

individuals. (Alter I’fitz- Wheu lhe ra(lius and ulna are parallel, 

the hand is palm up in an attit ude of sup¬ 
plication. This is called supination . The opposite attitude of pro- 
nation occurs when the radius and ulna arc crossed and the palm 
of the hand is turned down (Fig. 555). 

Between the two rows of wrist bones t hat are invariably present, 
in many animals including most monkeys and some apes, there are 
one or more centrale bones (Fig. 550). For a long time these were 
not known in man, but in 1871 were discovered by Rosenberg in 
the human embryo. Their disappearance during the third fetal 
month is due to their fusion with other wrist bones. 

Five small sesamoid bones , embedded in tendon, are regularly 
present on the palmar side of the hand. One is at the interphalan- 
geal joint, and two at the metacarpo-phalangeal joint of the thumb, 
while one each is at the metacarpo-phalangeal joint of the index, 
and of the little linger. Frequently still other sesamoid nodules are 
found at the linger joints. A careful and extended study of a large 
series of human wrist bones, such as that made by Pfitzner, has 
revealed the presence in various situations of a great number of 
supernumerary wrist bones aside from the regular sesamoid bones. 
Figure 557 is a composite diagram from Pfitzner, showing the loca- 
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tion of fifteen extra bones found in different human wrists, indicat¬ 
ing that this region is still being extensively molded by evolu¬ 
tionary factors. 

Syndactylism , or the growing of fingers together, brachydaclylism , 
in which one phalanx of each digit is missing, and poly dactyl ism. 



Pusti Pull 

Fig. 558.—Diagram of the manner in which the appendieuiar levers operate 

in a typical quadruped. 


or the addition of extra fingers, all occur occasionally in man as 
well as in other vertebrates. 

(d) Different Pelvic Appendages .— The sequence of bones in the 
pelvic appendages is homologous with that of the pectoral append¬ 
ages, as shown in the accompanying table in which the synonyms 
of the names employed for the various parts are included. The 
patella , a sesamoid ossification embedded in the extensor tendon 
over the knee, is generally present, and a similar sesamoid, the 
brachial patella , rarely occurs at the elbow joint. 

In general the chain of levers which the leg bones form acts as 
a “pusher' 1 in locomotion, while that of the anterior appendage 
serves as a “puller" (Fig. 558). This is true both for quadrupeds 
progressing on the ground and for climbers in trees. 

Elbows are bent backward and knees forward in quadrupeds, 
thus centralizing the long bones of the appendages under the body. 
The push or kick of the hind leg is more effective in locomotion 
than the pull of the front leg. It is the idea of the wheelbarrow 
rather than the drag-cart for carrying a load easily. 

The differentiation between the anterior and posterior append¬ 
ages in birds is very great (Fig. 423). The legs assume the entire 
support of the body upon the ground, having become modified 
accordingly. The tibia and fibula fuse into a single bone with un¬ 
divided responsibility, while the tarsal bones are both reduced in 
number and solidly joined to other skeletal parts in the interest of 
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increased firmness and strength, the proximal row fusing with the 
distal end of the tibia, and the distal row with the metatarsals, 

which brings the ankle joint, be¬ 
tween two rows of tarsal bones as 
in many reptiles. 

The arrangement of levers in 
the leg of a bird combines the 
ability to walk and run with the 
possibility of sudden elevation in 
order to “hop off” in aviation. 
This latter accommodation is at¬ 
tained through the angle that the 
femur normally assumes with the 
tibiofibular when not in flight. It 

f FlG , - 5 '? _ A Th . , ‘ , T hin i7 n, ' Ch 7- Sm wil1 bc w»n (Fig. 559) that a bird 

of a bird. A, standing; B, perching. . M , ,, 

When a bird “squats,” the leg bones IS sitting down Willie it. IS Still 

jack-knife together, thus pulling the standing up, since the knees are 
tendon of the toe taut and elinchir direct , ed f ()rward horizontally. 

unlock the foot it is necessary for the * position enables it, by 
body to be raised, thus straightening straightening the legs suddenly, 
the leg and loosening the tendon. |() rise en()u h f rom the ground 
When a bird is standing up its femur ° ° 

is nearly horizontal and the knee ^ the perch to 
joint points forward as in man dur- take to the air 
ing the sitting position. This makes f 11 

the * 4 take-off,” or leaving the ground SSI * . 

for flight, easier. When a bird 

“squats” (Fig. 

559, B), the leg bones jack-knife together, thus 
pulling the tendon attached to the toe taut and 
clinching the phalanges around the perch. To un¬ 
lock the foot it is necessary for the body to be 
raised, thus straightening the leg and loosening 
the tendon which has been pulled tight over the 
ankle by the downward weight of the body in 
perching. When a bird perches, therefore, it is 
automatically locked lor the time being upon the ; >r Bn oniI1 g_ utaT1> 

perch and can go to sleep without fear of fall- showing the poorly 
ing off. opposable thumb. 

4 i -i . § • • . • i (After Primrose.) 

Among mammals the tarsal joinL is never be¬ 
tween the rows of tarsal bones as in the reptiles and birds. 
The difference bet ween the hand and foot of man is greater than 



Fig. 560.—The 
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id fit 



Fir;. 561.—The 
sole of the foot 
of an orang-utan, 
showing the 
thumblike big 
toe. (After Prim¬ 
rose.) 


in any other animal. In apes the functions of grasping and support 
are partly shared by both the hand and foot (Figs. 560 and 
561), whereas in man these two lines of activity 
have become entirely segregated, although some 
individuals have the ability to Ilex the toes enough 
to grasp awkwardly such an object as a hand¬ 
kerchief as well as to pick it up. 

The ankle bones, which must support the weight 
of the body, form at least one half of the entire 
foot (Fig. 562), while the wrist bones do not make 
up more than one sixth of t he grasping hand with 
its long lingers. The longest toe is about one 
fourth the length of the foot while the longest 
finger is fully half the length of the hand. 

The human foot is arranged practically at right 

angles to the 
leg (Fig. 563), 
while the hand 
hangs straight 
down at the 

end of the arm, making an angle 
of 180 degrees (Fig. 561). More¬ 
over, the bending of the wrist 
towards the palm side is easily 
accomplished through an arc of 
at least, 90 degrees, while the 
corresponding movement of the 
foot at the ankle is made with 

difficulty through a third of that 

Fio. 562 —Different methods of con- distance, as shown diagrammat- 
tuct with the ground. 1, middle toe oi . . , 

a tapir (semi-plan tigrade); 2, dog (dig- ically ill figures 563 and 564. 

itigrade); 3, horse (unguligrade); 4, On the other hand the swing 

Coryphodon anax, Osborn (plantigrade). awa y f rom {] je natural position 

m, metacarpal; p, phalanges; Id, trape- . • .. 

zoid; e, capitaturn; lig, dorsal ligament; hi the opposite direction, which 

l, tihia; a, talus; oa, calcaneus; s, seaph- raises t he foot up Oil the toes 

oid; e ectocuneiform; cb cuboid; II-V, kut accomplishes nothing useful 
second to filth finger. (Alter Weber.) . , , . . 

lor the grasping hand, is much 

freer and can extend through a larger arc in the case of the foot 

than in the hand. Dotation, which is easily accomplished by the 

hand by means of the way that the radius and ulna are hung 
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from the humerus, is possible only in a slight degree in the foot. 
Since the tibia does not rotate on the fibula as the radius does on 
the ulna, the lateral swing of the big toe from right to left and 

back again is con¬ 
sequently limited. 

In hoofed animals 
like the cow and 
horse, the specializa¬ 
tion of a supporting 
leg and foot has gone 
much further than in 
man with the result 
that the rotary move- 
po6ton merit is entirely lost. 

The human foot, 
like that of the bear, 
is plantigrade (Fig. 
518;, having not only 
phalanges and meta¬ 
tarsals, but even 
some of the tarsals 
in contact with the 
ground. Cats and 

dogs are digiligrade 
Fig. 563. —Diagram showing the normal extent /y. V 

of the hinge movement allowed by llie ankle. Com- ^ ausc 

pare with Figure 564. the ankle is lifted off 

the ground, while 

ungulates are unguligrade , that is, elevated on the tips of the toes 
(Fig. 562, 3). The unguligrade tapir of South America rests on the 
ends of four toes on each foot. The pig walks on two toes with two 
degenerate toes hanging on either side (Fig. 565), that only make 
an imperfect impression when the animal walks over soft or muddy 
ground in which the footprints sink in. Artiodactyls generally 
are two-toed with the other toes in various degrees of degenera¬ 
tion, while perissodactyls, like the horse, are reduced to standing 
on the tip of a single toe on each foot. The horse’s ancestral 
gallery of family portraits shows all intermediate degrees of 
evolution from the five toes of Eohippus to the single toe of the 
modern horse. Flat-footed man has a long road to travel before 
he reaches the extreme stage of pedal evolution attained by 
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the horse, supposing toe-dancers are pioneers in taking the first 
step. 

The bones of the human foot are arranged in the form of two 
arches, which act as springs or shock absorbers in locomotion. 



Ff<5. 364.— Dinararn showing tho normal extent of the hinge movement 

by the wrist. Compare with Figure 563. 


They also protect from pressure the nerves and blood vessels of 


tlie sole. The long arch rests upon 
upon the ball of the foot or, in 
terms of the skeleton, upon the 
posterior end of the calcaneus 
and the distal ends of the nwin- 
carpal s (Fig. 560). It has for a 
keystone the talus, or astragalus , 
which bears the weight of the 
body and is the only bone of the 
foot that articulates with the 
shank of the leg. 

The smaller transverse arch (Fig. 
567) extends from side to side 
through the distal ends of the 
sprawling metacarpals. In stand¬ 
ing still the weight of the body 
rests principally upon the long arc,! 
is thrown forward as in walking 


the ground both at the heel and 



Pig Deer 

Fig. 565.---Evolution of artiodactyl 
foot,. (After Flower.) 

, but when the center of gravity 
the weight of the body shifts 


temporarily to the transverse arch every time one comes upon the 
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ball of the fool or the toes. Then with the weight thrown for¬ 
ward the transverse arch tends to ilatten, allowing the toes to grip 
the ground, and to pull the body forward effectually. This hap¬ 
pens most perfectly in the case of the unrestricted bare foot that is 

not crowded into an un¬ 
yielding hooflike shoe. 
It is obvious that, high- 
heeled shoes throw the 
standing weight forward 

Fks. 566.—Thr long arch of the foot. C, cal- so that the long arch 

caucus; T, talus; IN\ navietilare; Clu, cuneiform 1; ( J oes | J0 ^ function prop- 

Ml, metatarsal; 1 >1 and P 2 , phalanges. , ... 

erly, and the transverse 

arch, which should be reserved for springy locomotion, gets more 
than its share of burden-bearing. Any arch resting on two pillars 
spreads its weight over a larger area, making a more stable foun¬ 
dation than would be the case with a single column supporting 
the same amount of weight. The long arch of the foot is tipped 
up on end by the high-heeled shoe so that the line of gravity runs 
mostly through only one pillar instead of 
through two, in consequence of which it no 
longer functions as an arch, because the me¬ 
chanical advantages which an arch possesses 

are thus sacrificed. 

rt> | I 1 1*1 ’il* II* f If*. 567. ' \ (TOSS 

The awkwardness exhibited in walking on Hecliwn lhroiI|?h the 

stilts or crutches is partly due to the absence middle of the foot 
of the double point of contact with the ground showing the trans- 
that is furnished by the arch. Again, tight (^ ftcr 

shoes across the toes, that do not allow the 
transverse arch to spread properly in walking, prevent the proper 
pull on the ground by the toes and add greatly to the mechani¬ 
cal difficulties of locomotion. Human feet have never quite recov¬ 
ered from I he effect of having the body tipped up on end with the 
entire responsibility of its support thrust upon them. In the evo¬ 
lutionary time at their disposal they have developed the best 
they could with the inherited materials with which they had to 
do, but it must nevertheless be confessed that the result is as yet 
only a makeshift foot. The various foot troubles of man are an 
eloquent confirmation of this statement. 

Man needed to have a considerable part of the foot bent at right 
angles to the leg so that it would come into contact with the 
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ground and thus prevent the upright body from tipping over 
forward. At the same time a part of the foot, the heel , had to be 






Fig. 369.--A footprint to 
show that the effective long 
arch is on the Inner side of the 
foot. 


Fig. 368. The heel, as seen from be¬ 
hind, of (I) a chimpanzee, (il) an Aus¬ 
tralian, and (III) a Caucasian. The fibula 
(F) plays a decreasing role while the cal¬ 
caneus (C) tends to shift in the direction 
of the arrow. (After Wiedersheim.) 

detailed to project in the other direction 
to prevent tipping backward. Thus 
the human foot became plantigrade as 
a mechanical consequence of bipedality. 

The flatness of the foot, however, 
necessitated llie formation of the arches 
just described which entailed adjust¬ 
ments in the case of every bone of the 
foot. That these adjustments at present, are far from perfect is 
at once apparent, when the arrangement of the bones of the 
foot is carefully scrutinized. The ankle bones, for example, 
together resemble a cairn of irregular stones piled one upon an¬ 
other, on the top of which is precariously balanced the weight of 
the body. Furthermore, the big calcaneus , or heel bone, is not 
squarely placed directly under the line of the center of gravity as a 
foundation stone should be, but is rather to the outside of this 
plumbline. That it is gradually being shoved under into a mechan¬ 
ically better position is shown in Figure 568, where is pictured the less 
satisfactory adjustment in the case of a primitive Australian and 
the still more primitive how-legged ape. This outside lateral posi¬ 
tion of the calcaneus, like the run-over heel of a shoe, causes the 
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weight of the body to veer over toward the inner, or big-toe side 
of the foot. The long arch, moreover, is considerably higher and 
more effective on the inner side of the foot than it is on the outer, 
as any print of the normal bare foot in the sand demonstrates 
(Fig. 569). The result is that the big toe is becoming larger while 

the little toe side of the foot is degenerating. 

The big toe is said to bo relatively some¬ 
what longer in the human male than in the 
female which, if true, would be evidence that 
the male, with his feet if not his head, has 
traveled a little further along the evolutionary 
highway than the female of the species. 

(c) The Human Hand - The human hand 
takes an important part with the large brain 
in placing man triumphant at the head of the 

Fig. 570. -The oppos- animal creation. Without its aid the arts 

able human thumb. » • _ i* i . i n i 

and sciences, which are 1 lie flower and ex¬ 
pression of human civilization, would not have been possible. 

The hand is first of all a universal grasping device, mounted on 
a movable arm, that can hold a tool or grip a weapon (Fig. 570). 
Without such artificial aids as tools and weapons man would still 
be a beast whose only substitutes for hands are specialized organs 
that are adapted for a narrow range of use, as for example, the 
goring horns of a bull or the chiseling teeth of a beaver. Once 
the hand is present that is capable of grasping artificial aids, the 
invention and utilization of all sorts of accessory devices goes 
forward with leaps and bounds, entirely unparalleled in the slow 
evolutionary process 


of adaptation by nat¬ 
ural select ion of bodily 
structures. As an evo¬ 
lutionary resource 
such a short cut to 
efficiency is an incal¬ 
culable advantage to its possessor. Aside from man probably only 
the higher apes among animals make any attempt to use even so 
simple a tool or weapon as a stone or a stick. The idea of fash¬ 
ioning anything to be held in the hand for any purpose whatsoever 
belongs entirely to man. 

The absolute dependence of man upon the opposable thumb,. 













'Nv 


Fig. 571.—Thumbless hand of a spider monkey, 
Aides. (After Huackc.) 
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which has been significantly called “Wotan’s finger,” and the 
grasping hand that results is the key to most, human activities. 
The thumbless spider monkey (Fig. 571) is only partly com¬ 
pensated by its prehensile tail. 

What laborer works without his hands? What artisan, even in 
the “machine age,” can produce anything without in some stage 
of the process “fingering” it? The artist who creates a painting 
or a statue must hold brush or chisel. Even the prize-fighter 
clenches his fist with its tightly opposable thumb. The mechanical 
performance of all writing or printing, with everything that this 
means in the recording and communication of ideas, is primarily 
thumb-and-finger work, and the same is true of most of the daily 
activities that make up human life. The common phrase “he had a 
hand in it,” expresses exactly and literally the part dominant man 
has taken and continues to take in the world’s affairs. 



CHAPTER X VII I 


PRODUCTION OF MOTION AND LOCOMOTION 

(MUSCLES) 

1. Jn General 

Muscles are characteristic of animals rather than of plants. 
When danger is near animals may make an escape but plants 
must stand still wherever fate has placed them. Animals employ 
muscles in the daily business of food-getting, and also by means 
of them go afield in quest of mates. Muscular movements, which 
play an important part in courtship, enable animals to exercise 
some degree of choice in the altruistic matter of reproducing their 
kind. With lion-muscular plants, on the other hand, “forced 
marriage” without choice, and by some outside agency such as 
wind, water, or officious insect, is the universal rale. 

Not only in locomotion , or bodily movement from place to place, 
but also in motion , or the movement of tlie organs of the body, do 
muscular animals have a great advantage over plants, for plants 
must depend upon such physical agencies as wind, internal turgor, 
or unequal growth in order to effect the rustling of their foliage, 
twining of their tendrils, and closing their leaves in “sleep.” 

From the insignificant flat worms up to man evolutionary de¬ 
velopment is particularly mirrored in the musculature, which lias 
dragged with it all the oilier systems. The bobolink on the wing 
over a sunny meadow sings a cheerful hymn of praise to the muscles, 
and conquering man by means of muscles is able to go forth to the 
four corners of the earth. 

The actions of animals, which “speak louder than words,” are 
brought about by the triple agency of nerve, skeleton, and muscle. 
Of this trinity of parts the muscles, or “flesh,” constitute the 
greatest bulk, making up in man approximately half of the total 
weight. Although the skeleton, or scaffolding, is the primary 
factor in determining the form of the body, the muscles that drape 
the skeleton are chiefly responsible for the characteristic contours 
which give it grace and beauty of outline. 
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It is very essential for the surgeon to possess detailed knowledge 
of the separate muscles of the human body. Consequently careful 
training in Myology, or the science of muscles, is a part of the 
indispensable discipline that every well-equipped medical student 
must undergo, and this knowledge can be attained only by careful 
and repeated dissections, rather than by reading descriptions of 
muscles in books. A superficial comparalh e survey of t he muscular 
system in different vertebrates, which is all that will be attempted 
in this chapter, may, however, be profitably undertaken by any 
student, whether or not he is looking toward 
a medical career. 

II. Muscular Activity 

Muscular activity, or the way animals ex¬ 
pend their energy, has its morphological basis 
in cellular units, which, unlike inorganic sub¬ 
stances, possess the power to increase with 
use. Muscle cells, although presenting nothing 
fundamentally new in cell structure, arc spe¬ 
cialized in the mailer of contract HiI v, which 
is one of the universal properties of proto¬ 
plasm. 

Elaslic myofibrils , that, shorten in only one 
direction, appear within the muscle cell, arid 
these are capable of causing movement not 
only within the cytoplasm of the muscle cell 
itself, but also outside of it, thus effecting 
both motion and locomotion. 

Muscular movement is always the result of 
muscular contraction. When, for example, a 
leg is bent by shortening one set of muscles, 
it is restored to its original position not by n \ s \\ r , muscles on the 
the relaxation of these muscles but by the human leg. (After 
contraction of an antagonistic, set on the other 
side of the leg (Fig. 572). Usually the group of muscles that 
flexes, or brings the appendages close to the body, is stronger 
than its opponents. In the chewing musc.les of the jaws those 
that effect, the bile are stronger than their opponents which open 
the jaws for another bite. 

Whether this fundamental difference in opposing muscles lias 
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any deep evolutionary significance or not is open to speculation, 
though natural selection is always on the lookout for whatever 
may contribute to individual preservation. In any case the cen¬ 
tralized drawing in of the arms by flexion is better adapted for 
defensive purposes than the opposing gesture of wide-flung ex¬ 
tension of the appendages. 

Aside from accomplishing countless necessary movements of 
different parts of the body, and serving as the engine of propulsion 
for the animal machine, muscular activity contributes in a variety 
of ways to the welfare of the animal organism.. For example, the 
exercise of the muscles constantly changes the character of the 
blood and lymph, since more carbon dioxide is given off from the 
blood during exercise than at other times; vascular congestion is 
decreased by the muscular dilation of l lie arteries, and at the same 
'time the ventilalion of the lungs is increased; the lymph flow ig 
promoted; peristalsis is stimulated; and the heart is trained not 
only to continuous performance but to meet emergencies. 

The muscles of the living body are never entirely relaxed, but 
maintain a tonus , that is, a condition of balanced tension between 
opposing sets. Tn standing erect there is ceaseless employment 
of opposing muscles, and when the body wall is pierced by a bullet 
the resulting hole is more slitlike than round, showing that the 
muscles involved are always somewhat taut even when not effect¬ 
ing motion. Considered in all aspects the muscular work done by 
an ordinary ambulatory human being during a lifetime amounts to a 
dizzy total. 

The duration of contraction and the interval elapsing before 
the next contraction vary greatly in the muscles of different 
animals. It has been reckoned, for example, that the duration of 
contraction in cold-blooded turtles and frogs is one second and 
one fifth of a second respectively, while in man it is one tenth of a 
second. A violinist can make ten muscle movements per second 
in executing a trill with his fingers, but a buzzing house fly has a 
record of 330 muscular movements per second. What a Paganini 
a fly would make! 

Fatigue following muscular activity results from the release of 
lactic acid into the blood stream. Since muscles react in the same 
way by change of form, the release of lactic acid, and the pro¬ 
duction of heat, regardless of whether the stimulus applied is 
nervous, chemical, physical, or mechanical, they cannot be de- 
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scribed as exclusively a thermo-, chemo-, or an electro-dynamic 
apparatus. 


ITT. Muscles as Tissues 


Muscles may be considered from the point of view of tissues or 
of organs. 

There are three sorts of muscle tissues (already briefly described 
in Chapter VII as smooth , striated , and cardiac ), which differ from 
each other in origin, histological appearance, physiological action, 
and distribution. Each muscle cell connects wilh a nerve ending 
that controls its behavior. 

Smooth muscle cells , which have to do wilh the events that go on 
inside the body, are derived from mesenchyme and are compara¬ 
tively short with a single nucleus (Fig. 91, A), being frequently 
isolated or combined in thin sheets. For example, every hair is 
provided with an individual pomade tube in the form of a seba¬ 
ceous gland, administered by its own private smooth muscle cell 
in the skin (Fig. 131). 


Tn the walls of blood vessels smooth muscle cells are arranged 
mainly in circular fashion, thus decreasing upon contraction the 
bore of the passage-way, while the enlargement of the lumen is 
brought about by blood pressure. They occur not only in the walls 
of blood vessels and in.the skin but also in the walls of the diges¬ 
tive tract, the urogenital passages, and ducts of various kinds, 
thus forming parts of other organs rather Ilian whole organs in 
themselves. Since they are supplied from the autonomic nervous 
system they are comparatively slow in action and are involuntary. 

Striated muscle Jitters are elongated cells which constitute most 
of the musculature of the body, particularly the muscles with 
skeletal connections. They differ from smooth muscle cells ill at 
least the following points, being (1) anatomically more complicated; 
(2) embryonically younger; (3) connected with the voluntary 
nervous system and consequently under the control of the will; 
(1) quicker in action; (5) more easily tired; ((>) less stretchable; and 
(7) weaker in effect. The enormous power of extension of the 
smooth muscles is shown in the great capacity for dilation possessed 
by the stomach, for example, or the urinary bladder, while the 
remarkable strength exerted by them in contrast to skeletal 
muscles is demonstrated by the extraordinary expulsive power 
exerted by the walls of the gravid uterus. In general the strength 
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of striated muscles is proportional to their thickness, while the 
degree of contractility is dependent upon their length. 

Cardiac muscle cells or libers, which arc intermediate between 
smooth muscle cells and striated muscle libers, are of mesenchymal 
origin, being modified from the tunica media of an embryonic 
blood vessel. They are short multinucleate structures, usually 
branched or anastomosing together and showing faint striations 
(Fig. 108). T 1 alike true striated muscle cells, they are involuntary 
in action. They occur in the walls of the heart, as well as of the 
pulmonary arteries and veins, and also in the roofs of the aorta. 


IV. Muscles as Organs 

Striated muscle cells combine to form organs with more or less 
morphological and physiological unity. Connective tissue sheaths, 
while making possible the action of a muscle as a whole, separate 
single parts of muscles so that their identity is not always easy 
to determine. A further complication is encountered by the com¬ 
parative anatomist in determining the homologies of muscles in 
different, vertebrates, since the names applied to them are bor¬ 
rowed from human anatomy, although frequent changes in function, 
liable to throw the investigator off the evolutionary track, have 
occurred. 

Anyone with experience in the dissecting rooms of a medical 
school is well aware of the ditlicully in trying to make a dissection 
invariably meet l he expectation of I lie manual, for there is great 
individual variation in separate muscles, and even in homologous 
muscles on the two sides of the same individual. As a matter of 
fact muscles are not nearly as conservative as bones, teeth, and 
nerves. There is consequently a difference of opinion as to how 
many muscles are to be accounted for in man. One authority 
lists 639, of which 5 are unpaired and 317 are paired, with the 
following distribution: head, 33; neck, 32; back, 180; breast, 51; 
belly, 15; legs, 121; arms, 98; and viscera, 83. Testut has written 
an impressive tome of 900 pages, Les anomalies museulaires chez 
rhomme , 1881, which deals mostly with variations found in the 
muscles of the human body. 

None of the paired muscles oversteps the midline which divides 
the body into right and left halves. It is not unusual, however, 
for a pair of muscles to develop more ou one side than on the other, 
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resulting ordinarily in right and left handedness. Statistics show 
that nearly 96 per cent of humankind are “righthanded,” and 
consequently we may be said to have a righthanded civilization. 
This is recognized in the way we make our screws, keys, firearms, 
watches and clocks, buckles and buttonholes, colfee mills and 
hand-organs, violins and llutes, and in the way we shake hands. 
Some famous lefthanders who made a notable impression in a right- 
handed world are Leonardo da Vinci, Michael- 
angelo, Holbein, Menzel, and iNapoleon. 

The biceps muscle may be taken as a typical 
representative (Fig. 5711) of a muscle. It con¬ 
sists of an enlarged middle portion, the belly , 
with tapering ends, and is surrounded by a 
connective tissue sheath which at the ends 
becomes continuous with tendons , that in turn 
merge into the perimleum ensheatiling the 
bones, thus securing anchorage for I he mus¬ 
cle. One end of the muscle, the punclum 
Jixutn , where it is attached to I he most station¬ 
ary part of the skeleton, is the origin . The 
other end, the punclum mobile , where if con¬ 
nects with the more movable part, of the 
skeleton, is the insertion. Upon the eontrac- . ri .. 

tion of a muscle the insertion is always [lulled r< p S muscle, showing 

towards the origin. Then 1 , mav be several or 'ffi n and insertion. 

.. • . | I (After Mollicr.) 

insertions, as m the serrulus muscles along 

the back, or there may be more than a single origin, for example, 

in the biceps then' arc two present, giving it the name “biceps.” 

Sometimes, as in the trapezius muscle, which moves the head 
and shoulder, lhe punclum fixum may become the punetum 
mobile, according to the movement to be effected. 

The wide range of variation in form (Fig. 571) is a necessary 
adaptation in the accomplishment of different movements. The 
original form of embryonic muscles shows sheets of fibers, or 
myotonies , extending between partitions of connective tissues, 
similar to the arrangement of musc les on the sides of the body of a 
fish. Out of this primitive alignment modifications are initiated 
(1) by delamination, or splitting flatwise*. (2) by splitting length¬ 
wise; (5) by proximo-distal division; and (1) by various degrees of 
fusion. 



tendon 

insertion 
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The shapes that muscles assume also exhibit a great variety. 
The word itself (runscuius, little mouse) indicates ail originally 
rather compact form that lias undergone much adaptive stream¬ 
lining in successfully accomplishing different movements. The 

muscles of the limbs are often 
fusiform, like the shape of a 
single smooth muscle cell, 
since this type is less bulky 
for the amount of muscular 
tissue involved than some 
other shapes. Triangular 
muscles appear where there 
are broad origins and narrow 
insertions, such as are found 
in the deltoid and pectoral is 
groups. Sheet muscles occur 
in situations like that occu¬ 
pied by the diaphragm , where 
the work to be performed is 
best served by this morpho¬ 
logical form. 

It is not always easy, as 
already pointed out, to de¬ 
limit a muscle, because of 
the changes brought about 
through functional necessity. 
The best criterion, however, 
for homologizing a muscle is 
its nerve supply. A nerve 
once assigned to do duly 
with a particular muscle fol¬ 
lows it through all its vicissitudes, just as a faithful dog, trotting 
behind its master, serves to identify him, regardless of the differ¬ 
ent costumes or disguises which the master may assume. 

A striking illustration of the constancy of nerves to transforming 
muscles is furnished by the phrenic nerve that supplies the dia¬ 
phragm, which is a migratory muscle laid down originally far 
anterior in the neck region. With the backward shifting of the 
heart the diaphragm finally assumes an abdominal position remote 
from the neck, yet the phrenic nerve, although made up from the 



Fig. 574.- -Superficial muscles of the hack. 

(\tler Morris.) 
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third, fourth, and fifth cervical nerves, goes out of its way to retain 
connection with it and to proclaim its origin. 

As already indicated tendons , or sinews, are means by which 
muscles are attached to bones, and in this capacity they serve a 
double purpose. In the first place they enable soft, delicate, 
contractile muscles to gain a firm, tenacious grip upon solid 
skeletal parts, whereby motion may be effected. They also enable 
large muscles that make up the bulky part of the body to be 
packed in out-of-the-way situations, sometimes at considerable 
distances from the work to be per¬ 
formed, where they will not interfere 
by their bulk with the free move¬ 
ment of the joints. The “tendon 
of Achilles'’ (Fig. 575), like I he elec¬ 
tric cable that transmits power gen¬ 
erated at Niagara Falls to industries 
in the City of Buffalo, for example, 
is the most efficient arrangement for 
the ankle to have, because muscles 
connected with it are largely concen¬ 
trated out of the way at the “calf 
of the leg,” rather than around the 
ankle itself, where they would in¬ 
terfere with the freedom of the 
movements they are detailed to per¬ 
form. 

Muscles generally are encased in 

i r Fig. 575.—The tendon of Achil - 

connective t.ssue sheaths, or fascia, les in hlark s)lowinR how ^ work 

which are more or less continuous which muscles do may he applied 

by means of connecting tendons with at 0 P°*nt som< ‘ distance from the 

.* .i * | Al i muscle itself. (Drawn by W. 

similar periosteal sheaths surround- ) 

ing skeletal parts. Connective tissue 

elements also extend even between groups of muscle fibers them¬ 
selves, separating them into irregular bundles, or fasciculi. 

Sometimes ossifications occur, embedded within tendons at 
points of friction. These are called sesamoid bones , the most con¬ 
spicuous example being the knee-cup, or patella (Fig. 575), men¬ 
tioned in the preceding chapter. Sometimes an entire tendon 
ossifies, as may be seen on the sides of a turkey's “drumstick." 

A microscopic examination of a single muscle shows that it is 
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made up largely of elastic fibers running lengthwise, which in turn 
are clustered together into groups or bundles that are evident in 
cross section, and to which the name Cohnheim areas has been 
applied. 

The topographical relationship of neighboring muscles to each 
other and lo the bone foundation which they surround is typically 
indicated by Figure 576, in which is represented a diagrammatic 
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Fig. 576. —Cross section tlirongh I lie leg, showing the arrangement of 
muscles. Bone shown l>> parallel lines; lighter spaces between muscles are 
connective tissue. (After von Bardeleben.) 


cross section of the human leg above the knee. Blood vessels and 
nerves are shown between the muscles. 

Movements brought about by skeletal muscles are described 
\iy the following terms: firs ion and extension: adduction and ab¬ 
duction: pronation and supination: elevation and depression; and 
rotation . Tn connection with sphincters around the apertures there 
is also dilation and constriction . J11 ustrations of these various 
kinds of muscular action will occur to anyone. 


V. Fmbryology of Muscles 

When mesoderm enters the scene in vertebrate development, 
there is much more of if along the dorsal side of the embryo, 
epirnerically , than on the ventral side, hypomerically (Fig. 120). 
This distribution is not true of invertebrates, such as annelid 
worms, in which the mesoderm is about equally distributed all 
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around the body (Fig. 216). The reason for the epimeric excess of 
mesoderm in vertebrates is that along either side of the noto¬ 
chordal level there is early formed a row of metarneric sacs, or 
myotonies, which have thick inner, or splanchnic, walls from which 
the muscle plates are destined to arise, while the outer, or somatic, 
w alls give rise to I he 
corium of the skin (Fig. 

118, D). 

For a time the cavities 
of the epimeric parts of 
the myotonies are con¬ 
tinuous with the body 
cavity, or hypomeric 
part, but later the epi¬ 
meric cavities become 
separated till from the 
bodv cavity or are ob- 

• i 

(iterated altogether in 
11 ic grow 11 1 f >r< x ’.esses 
that take place (Fig. 

119). 

During these embry¬ 
onic changes the museje 
cells, originating in the 
epimeric splanchnic 
mesoderm of the myo¬ 
tome, become rear¬ 
ranged so t hat their long 
axes come to parallel 
the long axis of t he body, while bet ween the myotome masses are de¬ 
veloped mesenchyme partitions of connective tissue, myocommata, 
to which I he muscle libers are primarily attached. The ventral edges 
of the muscle plates now extend until they meet along the lined alba, 
which is a longitudinal midventral barrier of connective tissue 
in the trank region of the body. The end result, as well shown 
in amphioxus (Fig. It), is a series of zig-zag muscle plates , ex¬ 
tending along the sides of the body and separated from each 
other by myocommata. These muscle plates are destined to form 
the axial muscles of the body from which the appendicular muscles 
secondarily bud forth, as soon as the skeletal parts of the 



Kin. 577. Scheme* to illustrate Ihe disposi- 
ti m of the myotonies in (Ik* human embryo. A, 
ILd, the lirst Ihree eephalie myotonies; IN, 1,2, 
3,1, last persisting eephalie myotonies. (1,T,L,S, 
(la, the myotomes of ceixical. thoracic, lumbar, 
sacral, and caudal regions. Homan numerals 
refer to < ranial nenes (After Cunningham.) 
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appendages themselves arise and furnish a foundation for muscular 
attachment. 

Even in man (Fig. 577) the embryonic arrangement of body 
muscles is metameric at first, from which primitive arrangement 
the complications of adult musculature are subsequently derived. 

Involuntary muscles generally are mesenchymal in origin, but 
the iris muscles, as well as those associated with the skin glands, 
are ectodermal. 


VI. Kinds of Voluntary Muscles 

In The History of the Human Body, 1923, by H. H. Wilder an 
excellent analysis of the comparative anatomy of the muscular 
system classifies the voluntary muscles under three groups, namely, 
metameric, branchiomcric, and integumental. 

The metameric group, which includes the axial and appendicular 
muscles, in reality takes in most of the muscles of the body. 

Branch iomcric muscles are associated with the primitive splanch- 
nocraniiun and its derivatives, while the integumental group 
consists of muscles that have split oil’ secondarily from the two 
preceding groups, and have taken up major associations with the 
integument rather than the skeleton. 

The voluntary striated muscles will be briefly considered in the 
following order: 

1. Metameric 

(a) Axial 

a. Head 

1. Eyeball 

2. Hypoglossal 
Trunk 

]. Ventral 

2. Dorsal 
7. Diaphragm 

( b ) Appendicular 

a. Extrinsic 
j8. Intrinsic 

2. Branchiomeric 

(a) Vth cranial nerve group 

(b) VIIth cranial nerve group 

(c) IXth cranial nerve group 

(d) X-Xlth cranial nerve group 

3. Integumental 
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1- METAMERIC MUSCLES 

(a) Axial Muscles— Primarily the axial muscles , which are the 
first to appear both embryonically and phylogenetically, are ar¬ 
ranged with regularity in myotomes down the side of the body, 
fitting into each other like a nest of spoons. There may be sixty 
or more pairs of these myotonies in amphioxus, varying some¬ 
what in symmetry on both sides of the body. When their longi¬ 
tudinal libers contract, they exert a pull upon 
the myocommata that separate the myotomes 
from each other, and secondarily by this means 
upon the stiff notochord, the outer sheath of 
which is continuous with the myocornmata. 

The myotomes are all practically alike, 

I hough diminishing in si/e toward the tail. 

With the advent of the head in fishes the first 
real modification of I his primitive form of 
musculature appears in the fusion of some of 
the myotomes and a consequent breaking up 
of the regular metamerism of the axial muscles. 

a. Head. Skull muscles are few in number, 
being reduced in correlation with the increas¬ 
ing absence of movable skeletal parts in (his 
region. The three anterior pairs of myotomes 
(big. 577) become the muscles that move tIn 
eyeballs within their sockets, but as these mus¬ 
cles are quite conservative, they exhibit only minor modifications 
throughout the vertebrate series. There are six pairs of them 
(Fig. 578), the most anterior identifiable myotome, which is sup¬ 
plied by the third cranial nerve (oculomotor), giving rise to the 
superior reef us, the internal reel us, the inferior rectus, and the in¬ 
ferior oblique muscles. 

The myotome next posterior, which is supplied by the fourth 
cranial nerve (trochlear), becomes the superior oblique muscle , and 
is followed, after a gap that probably represents a missing myotome, 
by one supplied by the sixth cranial nerve (abducens), that is 
responsible for the external rectus muscle, and also the retractor 
bulbi which first appears in amphibians. 

Incidentally this latter muscle has a unique function, for in 
addition to pulling down the eyeball of a frog, which pops up like 


Fia. 578.--Ey« 
muscles as seen from 
behind, s.o.. superior 
oblique, the posterior 
belly of which, h, runs 
in a plane at. right an¬ 
gles to the page; I.F., 
inferior oblique; l,L, 
M,S, points of attaeli- 
inent for I he interior, 
laleral, median, and 
superior rectus mus¬ 
cles respecti v cl y. 
(After Weber.) 
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a jack-in-the-box as soon as the muscle is relaxed, the retractor 
bulbi, in the absence of a hard palate, enables the eyeball to aid 
in gripping whatever struggling prey may be captured within the 
mouth cavity. The prehension of food by the eyeballs is a unique 
adaptation not generally employed in the animal kingdom! 

Included among the derivatives of the myotomes of the head, in 
all vertebrates except fishes, arc the muscles supplied by the 


Stylo hyoid 


Stylo glossal 
s 



,gc Hypog ' ossa ' 

-Genio glossal 
- --rjar r-Genio hya / 


My/o hyoid 


Biventer 


Fig. 579.—Muscles of the human tongue. (After Gegenhaur.) 

Xllth cranial nerve (hypoglossus). This nerve, with its muscle 
segments that have to do with the tongue (Fig. 579) probably 
represents the fusion of several neuro-rnuscular units that have 
been incorporated into 1 lie head region from the metameric verte¬ 
bral series at the anterior end of the spine. In most vertebrates 
these muscles, namely, the hypoglossal , slyloglossal, and geniohyal , 
are extrinsic, that is, not forming a part of the tongue itself, but 
in mammals an additional muscle, the intrinsic lingual is, makes up 
the bulk of the fleshy tongue. 

/3. Trunk. In cycloslomes without a definite lateral line the 
muscles of the trunk and tail are undifferentiated, but in fishes 
they are divided as a rule by the horizontal skeletogenous system 
into the epaxial and hypaxial regions, corresponding to the em¬ 
bryonic epimeric and hypomerie areas, and are supplied respectively 
by the dorsal and ventral rami of the spinal nerves. These two 
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general muscular regions undergo different, fates in the course of 
further evolution and development. 

The ventral trunk musculature of caudates becomes delaminated 
into four sheets of muscle with the gradual obliteration of the 
myocomrnata that separate the myotonies from each other. Along 
the rnidventral lines on both sides of the linen alba, the muscle 
libers still retain their original longitudinal arrangement, together 
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Fie. 580. —The musculature of a salamander. L, lateral; V, ventral. 
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forming a flat band of muscle, the rectus abdominis. Laterally, 
however, the body wall is compost'd of three layers, with the 
fibers of each layer assuming different directions. Next to the 
peritoneum the innermost layer, or Imnsrcrsus abdominis muscle , 
has libers tending to run around the body at right angles to the 
long axis. Outside the transversus are two diagonal layers, the 
internal and external oblique muscles , having fibers at right angles 
to each other (Fig. 580). 

In reptiles such as lizards and alligators, the ventral axial 
muscles are still further modified in tlie anterior half of the trunk 
region bv the introduction of encircling ribs. Posteriorly in the 
belly region the original three layers of muscles remain unchanged, 
but anteriorly in the thoracic region the. oblique muscles become 
broken up into external and internal intercostal muscles , which 
extend from rib to rib and aid in respiratory movements. In the 
neck region in front of the ribs the oblique layers furnish material 
for the scalenus muscles . 
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Among birds the oblique muscles are poorly developed, the 
transversus is absent, and the rectus abdominis, reduced in size, 
is posteriorly unsegmentated. This sacrifice of the ventral axial 
muscles is compensated, however, by an excessive elaboration of 
the appendicular muscles of flight, which come to overlie the 
muscles of the body wall. A familiar example of them is the 
“white meat’’ on the breast of roast chicken. 

The oblique muscles in mammals give rise to the intercostal and 
serralus muscles, which come to assume more of a dorsal than 
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Fin. 581. The muscles of a clog. (After EIlenl)erger and Baum.) 


ventral position, allhough still supplied from the ventral branch 
of the spinal nerves (Fig. 581). Other mammalian muscles of 
ventral axial origin are the psoas muscles of t he posterior abdominal 
wall, and the colli muscles of the neck region. 

Furthermore, even in the reptiles the reel us abdominis muscle 
loses ils primitive character by the introduction of the neosternum, 
so that it is broken up into presternal and post sternal parts. Some 
of the presternal muscles are the sternohyoid, sternothyroid , and 
thyreohyoid of the neck region. The poststernal musculature re¬ 
tains somewhat more of its primitive character, even up as far as 
the mammals, where traces of the myocommata in the form of the 
imeripliojies tcndincae may still be seen through the skin as depres¬ 
sions of transverse connective tissue interrupting the broad flat 
abdominis muscle. These depressions are represented by sculptors 
of classical times on the abdomens of many (ireek heroes, a cu¬ 
rious incidental evidence of the retention of these telltale ancestral 
marks in man until comparatively recent times (Fig. 582). 

The myotonies of the tail region are, of great importance to 
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fishes, enabling them to swim. Although little modified these 
primitive myotomes function adequately because the lateral move¬ 
ments of the tail are not complicated. In higher forms the caudal 
myotomes lose their original significance, and become reduced into 
muscles modified sufficiently to control the varied tail movements 
of such land animals as support a caudal appendage. Others be¬ 
come entirely freed from skeletal connection in the anal region 
and are transformed into sphincter muscles . 

The dorsal axial musculature dilferentinted more slowly, but 
eventually, with the development of vertebral processes offering 
places of at tachment, it gives rise to a greater array of separate 
muscles than is found below the lateral 
line. In the considerat ion of these dorsal 
axial muscles care must be taken to 
avoid confusion with the appendicular 
muscles with which they are intimately 
involved. 

Fishes and caudates show little differ¬ 
entiation of dorsal-axial musculature, 
but reptiles have gone far enough in the 
elaboration of the neural arches of the 
vertebral column and its processes to 
give foothold to a large number of small 
muscles that, with their tendons and 
ligaments, lie together the different ver¬ 
tebrae. 

The largest dorsal muscle is the Ion- 
(jissinius dor si, which extends lengthwise 
between the neural spines and the trans¬ 
verse processes. (Groups of shorter mus¬ 
cles, metamerieally arranged, extend (1) 
from one transverse process to another, 
inkrtransversales; (2) from the neural spine of one vertebra to the 
transverse process of the one in front, of it, Irarisversospinales; (3) 
lrom the transverse process to the ribs, Irarisrersocostales; and (4) 
from one spine to another, interspinales . 

Jn birds the dorsal muscles of the rigid thoracic area are largely 
atrophied, except in the neck region where they are very much 
elaborated, as may be readily seen in the neck of a roast chicken. 

The dorsal axial muscles of mammals resemble those of reptiles 



Fic. 582.—Tlie rectus ab¬ 
dominis muscles in man, 
showing the transverse in- 
script ionrs tendmeae. (After 
M oilier.) 
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rather than those of birds, but are influenced more than in either 
of these groups by the appendicular musculature which increases 
much in importance. 

7 . Diaphragm.'—The breast-enlarging, lung-fllling diaphragm , 
ordinarily unseen and unsung but described by one appreciative 
biologist as the indispensable “creator of all human acts,” is an 
organ that plays a necessary part in the release of energy in every 
mammal. 


rm^ocommata 


It is a dome-shaped muscular structure coining from the ventral 
axial elements in the neck region and assuming, after gradual dis¬ 
placement and growth, a transverse position across the bottom 
of the thoracic basket (Fig. 350). ll is pierced by the esophagus 
and by large arterial and venous trunks, as well as by the tenth 
pair of cranial nerves (vagus), and the sympathetic trunk, its 
own supply, as already stated, comes from the cervical region in 
the form of the phrenic nerve . 

The noil-muscular transverse septum , which partitions off the 
pericardial cavity from llie bod> cavity in lower vertebrates, is 

_probably not homologous, except 

fftootornes unicorn mala t * 7 , 

,n part, with the muscular dia- 
11$ I'lff yl J phragm of mammals. 

(M Appendicular Muscles .— 
muscle bods Muscles of the appendages are de- 

^-rived from myotonies of the axial 

K.o 583 .—Bu<I«K" B muscles of 1 Tluscu l at ' | n L | 10 case D f e las- 
appendage. from ni>otomes in 

Pristiurus. (After Habl.) mohranch lislies, lor example, at 

the region where the pectoral and 
pelvic fins are to become established, the ventral ends of the 
lateral myotomes sprout out myotome buds , two for each myotome 
(Fig. 583), which later become the Jin muscles. Not only do the 
myotomes exactly opposite the future fin produce buds, but several 
others immediately anterior and posterior to these also crowd 
together, adding contributions. As a result a generous number 
of muscular elements take part in the formation of the fin mus¬ 
culature, the accompanying augmented nerve supply being suf¬ 
ficient to form a plexus of nerves which adequately insures effec¬ 
tive performance of the fins. 

In general the locomotor muscles may be classified into two 
groups, extrinsic and intrinsic, although the distinction is not 
always unmistakable. 


eKSoi mum 

muscle bods 


appendage, from myotomes in 
Pristiurus. (After Habl.) 
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a. Extrinsic Muscles .—Extrinsic muscles 3erve the girdles and 
the proximal ends of the appendages. They connect t he appendages 
with the axial skeleton and move the limbs as a whole. Intrinsic 
muscles, on the other hand, have both origin and insertion within 
the appendages, effecting movements only in parts of thorn. 

Among iishes the extrinsic group is most in evidence, consisting 
of elevators and depressors , which lift and lower, and abductors and 
adductors , which extend the fins and hug them next the body respec¬ 
tively. All of these muscles move the fin as a unit, and since there 
is little occasion, in the performance of mass movements useful in 
a water medium, for the niceties of movement effected by intrinsic 
muscles, these are absent. 

With the establishment of systems of appendicular levers in con¬ 
nection with land life, however, there is an increase of intrinsic 
musculature, consisting of rotators , which rotate; extensors and 
Jlexors, which straighten and bend; to which are added pronators 
and supinators , or in-twisters and out-twisters. 

The extrinsic; muscles of the pectoral appendages are better de¬ 
veloped than those of the pelvic appendages, owing to the differ¬ 
ence in attachment of the respective girdles to the axial skeleton. 
The girdle of the pelvic appendages is anchored securely to the 
backbone, and so they require fewer intermediary muscles than the 
pectoral appendages, which are often entirely unattached by direct 
skeletal elements. In the pectoral appendages, particularly of 
birds, the extrinsic muscles reach a high degree of development, 
being packed for the most part on either side of the keeled sternum, 
and quite covering over and obscuring the axial muscles. The 
muscles of flight in a pigeon, for example, may equal as much as 
one fifth of the entire body weight. 

j3. Intrinsic Muscles. The intrinsic muscles of the appendages 
in primates, including man, are more primitive than in any other 
vertebrates. This is because the generalized pentadaclyl skeletal 
framework is still retained in primates, while in many other verte¬ 
brates there is a reduction of distal skeletal parts, and a consequent 
modification of the musculature. The generalized pentedactyl 
appendages of man are among the factors contributing largely to 
his dominance. More possible avenues of diversified activity are 
by this means left open than when extreme specialization takes 
place, as in the flipper of a whale, the wing of a bird, or the leg of a 
horse. 
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2. BRANCmOMEMC MUSCLES 

The muscles of the splanchnocranium are derived from the 
ventral hypomeric part of the mesoderm which remains after the 
myotomes have become established. They are associated with the 
skeletal parts representing a “boom that failed,” in the evolution¬ 
ary sense. Consequently they undergo many makeshifts with the 
modification or disappearance of their original skeletal connec¬ 
tions. 

The branchioineric musculature is most evident in elasmobranch 
fishes, where four groups according to nerve supply may be clearly 
distinguished, namely, the trigeminal, facial, glossopharyngeal, 
and vagus. These muscles of the splanchnocranium, although 
visceral in origin, are striated and voluntary in action. 

To the first group, supplied by the mandibular branch of the 
trigeminal nerve (V), belong the muscles of the mandibular arch of 
the splanchnocranium, or the primitive jaws. These include the 
muscles of mastication, such as the temporalis and masseter in 
higher forms. In man the masseter, which runs from the lower edge 
of the malar bone to the outside of the lower jaw, may be easily 
demonstrated by placing the finger lips upon the cheeks in front 
of the ears and biting the teeth together. Jn the same way the 
temporalis may be located by pressing upon the temples and 
biting. The tiny tensor lympani. muscle of the middle ear in 
mammals is a derivative of one of the muscles of the mandibular 


group. 

In tho second group are the muscles of t he hyoid arch, for exam¬ 
ple, the stylohyoids that are supplied by a branch of the facial 
nerve (Ml). /\ transformed muscle, of this group is the almost 

microscopic stapedius , which extends from the stapes to the wall 
of the tympanic cavity, it is probably the smallest muscle in the 
vertebrate body, with a definite individualitv of its own. 

The third group has to do with the tongue and the muscles 
included in it, which are supplied by the glossopharyngeal nerve 
(IX). II includes muscles which spread open and close the gill 
arches in respiration, so long as these remain, i n higher forms, when 
tlie spinal accessory nerve (XI) becomes admitted to the fraternity 
of cranial nerves, the two together provide for the trapezius be¬ 
tween head and neck, and the sternocleidomastoid muscles that 
extend between the shoulder and neck. 
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3. 1JNTEGUMENTAL MUSCLES 

The integumental , or dermal, muscles split off embryonically 
from the underlying skeletal muscles. While in many cases re¬ 
taining their skeletal origins at one end and inserting under the 
skin at the other, they sometimes, as i ti sphincter muscles, lose all 
skeletal connection. 

The tight-skinned fishes are 'without any dermal musculature, 
and amphibians have only a trace of anything of the sort in the 
tiny muscles that open and close the lids of the nostrils. 

Snakes among reptiles use integumental muscles in locomotion, 
for these muscles enable the scales to get a grip on the ground. 



Fig. 584-.- European hedgehog, Erinaceus . with the skin removed, showing 
I he manner in which it rolls up by contraction of the integumental musculature. 
(Al ter Ntihn.) 


This fact can be easily demonstrated by placing an active snake 
upon a level surface of glass and observing the diilicully it en¬ 
counters when the dermal muscles are thus made ineffective on a 
surface that cannot be gripped by scales. 

Birds Huff the leathers by means of integumental muscles, in 
this way changing the 1 hickness of lhe layer of warm air held next 
the body to regulate the body temperature. The so-called palagial 
muscles in the web of a bird’s wing, that assist, in flight, belong to 
the integumental group and are derived from the pecloralis muscles 
of the breast, together with various muscles of the shoulder and 


arm. 

It is in mammals, however, that integumental muscles reach 
their greatest differentiation, serving a wide range of uses from 
defence to the expression of the emotions. 

Linder defensive skin muscles may he mentioned (1) those which 
cause hairs and bristles to stand on end in terrifying fashion, as on 
the tail of a frightened cat or on the scruff of an angry dog's neck; 
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(2) those which erect defensive spines or quills, as in the skin of 
the “fretful porcupine,” Erethizon; (3) those which enable animals 
like the armadillos and the European hedgehog Erinaceus (Fig. 584), 
to roll up into an impregnable ball; and (4) muscles which tend to 
dislodge annoying insects by causing the skin to shudder or twitch, 
as on the neck, shoulders, and the anterior sides of a horse, but 
which are less evident or necessary on the hips and Hanks within 



Fiu. 585.-The in tegumental muscles of a 
horse, by means of which the skin may be 
“shuddered ” for dislodging annoying insects. 
These muscles are absent on the flanks, which 
can be reached by the swishing tail. (After 
Nuhn.) 


reach of the swishing fail 
(Fig. 585). 

Integumental muscles 
play a leading role in the 
expression of the emotions , 
particularly in man. This 
phase of biology has been 
elaborated into a sub- 
science by Lavater (1711— 
1801) and his disciples 
under the name of Phys¬ 
iognomy. Charles Darwin 
had something to say on 
this theme in his book 


entitled The Expression of the Emotions in Man and Animals. 

Generally speaking there is no great expression of the emotions 
by means of facial muscles in the lower animals. The “state of the 
mind, ” whether if be fear, anger, or excitement from any cause 
whatsoever, is usually shown by movements and attitudes as¬ 
sumed by the body, rather than by the action of the skin muscles 
of the face. Most animals may be said to have a “poker face,” 
which x does not reveal what may be mentally happening behind 
the facial mask. Whatever expression shows is usually centered 
in the eyes. In the rigid face of a fowl, for instance, the lively eye 
gleams like a jewel. 

Among carnivorous animals and primates the dermal musc les of 
the face take on character, until in man if is the evanescent expres¬ 
sion wrought by facial muscles, so dillicult to analyze and to image 
by the artist, that remains in the memory long after the form of 
the body is forgotten. 

The facial muscles that are most expressive in man and least 
developed in brutes are those located at the inner extremities of 
the eyebrows and at the angles of the mouth. 
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\ oluntary integumental muscles fall into two general groups 
according to their derivation, lirst the pannicuhis carnosus group 
from the latissimus dorsi and pectoralis muscles, and second, the 
sphincter colli group, from the branchiomerie musculature of the 
hyoid region, under the dominance of the seventh pair of cranial 
nerves. 

The pannicuhis carnosus is particularly evident in mammals, al¬ 
though somewhat degenerate in man, and with only primitive 
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Fkj. 586.— Musdrs of facial expression in man. (After Deaver.) 


depressor labil 
jnferi oris 


traces showing in the lower vertebrates. It is a thin sheetlike 
muscle that tends to wrap about the body under the skin. In 
monotremes it extends over the entire body as far as the cloaca, 
and includes a sphincter mursupii , and a sphincter cloacae. In the 
rorqual, Balaenoptera , it likewise extends from the mouth to the 
anus, while in its relative the “right whale,” Balaena , it is restricted 
to the head region. 

Fragments of the enveloping panniculus carnosus remain longest 
in the axillary, inguinal, and sternal regions. These fragments 
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make up the shuddering muscles of the horse, already referred to, 
and the muscles by which a wet dog shakes itself. There is also 
occasionally a sternalis muscle under the skin and superficial to the 
pectoralis, which is sometimes visible in man when well enough 
developed. 

The progressive sphincter colli group of integumentary muscles, 
originally associated with the hyoid arch, is supplied by the facial 
(VII) nerve. During its evolution it migrated forward and ex¬ 
panded so as to spread over the head and down onto the shoulders, 
becoming differentiated into a superficial sheet of muscle desig¬ 
nated as the plafysma and the sphincter colli proper , according to 
its location. 

With the upgrowth of the cranium that part of the platysma 
extending over it becomes divided into an occipital and a facial 
part, separated by a broad sheet of connective tissue, the galea 
aponeurolica , that, stretches over the top of the cranium under the 
skin. The facial parts of t he platysma may be classified into four 
groups of superficial muscles in close association with the underly¬ 
ing muscles of mastication. These are the muscles of the external 
ears, eyebrows, nostrils, lips, and cheeks (Fig. 586). 

The muscles of the external ear , namely, auriculares anterlores, 
poster lores, and super iores, enable an animal to turn the pinna of 
the external ear toward the source of sound without changing the 
position of the head. They are better developed in animals like 
dogs and horses than in man, although fragments still remain 
enabling some individuals to entertain their friends by wiggling 
their ears. 

The eyebrow group takes in four muscles, the orbilofrontaVis; 
orbicularis oculi.; levator palpebrae superioris; and corrugator super- 
cilii or brow-wrinkler. The eyebrow has been poetically described 
as “the rainbow of peace and the bended bow of discord/’ 

Three more or less well-developed muscles of the nostril group 
are the levator lubii superioris el alae nasi, by means of which man 
as well as beast sneers and snarls; the depressor nasi, and the com¬ 
pressor nasi, by means of which rabbits and men wiggle their noses. 

Finally, the lips and cheeks group consists of a strong sphincter 
muscle, the orbicularis oris around the mouth opening, from which 
radiate several other muscles. Of these the risorius muscle, at¬ 
tached at the corners of the mouth opening and pulling laterally in 
opposite directions, and the triangularis , pulling down the corners 
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of the mouth, serve in humankind to express the diverse emotions 
of laughter and tears (Fig. 587). 

The deeper lying remains of the sphincter colli proper are well- 


developed muscles enwrapping the 
and birds. They are present in 
some degree in inquisitive man. 

The facial muscles of expres¬ 
sion of the ear group may be re¬ 
garded as regressive or degenerate, 
so far as man is concerned, having 
disappeared entirely in a consider¬ 
able percentage of individuals, 
while the ‘‘psychological muscles” 
of the face that accompany in¬ 
creasing intelligence and reach 
their highest differentiation in 
man, are progressive muscles, the 
evolution of v\ Itich is by no means 
yet completed. 

An instructive and entertaining 
exercise, that one can perhaps best 
carry out in private before a mir¬ 
ror, is to Iry to express diiferent 
mental states and to take note of 
the different facial muscles (Fig. 
catalogue of certain emotions that 
periment: 


neck of such animals as turtles 



Fig. 587.—The shedding of tears 
involves several facial muscles of ex- 
pivssion. (From the Journal of 
Heredity ) 

:>8f>) involved. Here follows a 
lend themselves to such au ex- 
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By the agency of musculature man lies down, stands up, sits, 
walks, runs, jumps, creeps, dances, skates, skis, writes, drives, 
paints, makes a machine, and plays a violin. What other animal 
can do all this! 


YIL Electric Oroajns in Fishes 

In a few' exceptional instances among elasmobranchs and teleosts, 
for example, the electric ray Torpedo; the electric eel (lymnotns 
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(Fig. 588); the star-gazer Aslroscopus; and the African Malap- 
ierurus, certain muscles have become transformed into electric 



Fig. 588.— Electric 
organ of the electric 


organs, which in the emergency of an attack 
can deliver a shock, more or less effective, to 
other animals. 

Structurally these electric organs consist 
of a number of regularly arranged elements, 
called electroplates , put together in histologi¬ 
cal layers, nervous, striated, and nutritive, 
that resemble alternating plates in a storage 
battery. Tt is not difficult to imagine how 
these structures have developed from mus¬ 
cles, since normally muscles in action dis¬ 
charge a certain amount of electricity. The 


cel, (iyrnnotus. 
llallcr.') 


(After fact that the mechanism, although developed 
in different parts of the body in different 


species, is always derived from muscular tissue, indicates that it 


is a physiological adaptation and not a morphological inheritance 


of one species from another. 



CHAPTER XIX 


THE DOMINATING FACTOR 
(NERVOUS SYSTEM) 


I. General Character 

It has taken Mother Nature well over a hundred million years 
1o evolve the nervous system of vertebrates. Generations of 
scholars through many centuries have toiled to find out something 
of its structure and functions. To touch even superficially, and 
without any claim of authority or finality, upon some of the high 
lights that are involved in the picture of this complex system has 
filled close to one quarter of all the pages in this book. It seems 
reasonable, therefore, to expect t hat an alert college student, who 
is not looking for entertainment alone, might well devote a week 
or so to the subject without exhausting all of its possibilities. It is 
fortunate that the whole intricate nervous mechanism, consisting as 
it does of stimulus-receiving devices of various kinds, transmission 
cables and meshworks, and ganglionic masses with accessory sup¬ 
porting and protective parts, may be resolved into component units, 
both structural and functional, and thus may be rendered intelligi¬ 
ble. The untangling of the nervous system constitutes one of the 
most intriguing chapters in t he whole story of comparative anatomy. 

This important and dominating mechanism is for the most part 
out of sight behind the scenes and apparently quite secondary 
to the skeletal framework, visceral parts, and musculature that 
determine the general contours of the body. Yet if by some 
magical technic the entire body substance except the ubiqui¬ 
tous nervous apparatus with all of its infinitesimal ramifications 
could be harmlessly spirited away, there would still remain in 
place a gauzy fabric of innumerable spidery cells and finespun 
fibers that would preserve completely in ghostlike form the original 
outlines of the body. 

The nervous system is a conducting apparatus that receives 
sights, sounds, and other physical as well as chemical contacts in 
an ever-changing environment, and hands them on to centers of 
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judgment and adjustment within the organism itself, which, in 
turn receiving aid from other conducting mechanisms, brings about 
action by means of arousing or restraining contractile or secretory 
tissues. 

In higher animals such as man the nervous apparatus includes 
the seat of intelligence, the storehouse of memory, and the head¬ 
quarters of the alfections and the will. Even in so-called “lower” 
animals the beginnings of these desirable acquisitions appear. 

The great importance of the nervous system is shown by the 
fact that it is laid down very early in embryonic development, out¬ 
stripping all other groups of tissues during the first great onrush of 
embryonic growth. As Wiedersheim has pointed out, it presents 
comparatively lew rudimentary or degenerate structures. 


Tl. The Structural Units 

As would naturally be expected, the ectoderm , that is, the embry¬ 
onic tissue which presents primary contact with the environment, 
gives rise to the principal cell units destined to form the nervous 
system. These ectodermal cells eventually depart very far from 
their original epithelial compactness, becoming either true nerve 
cells (neurons)j or noil-nervous structures (neuroglia cells), which 
have a secondary skeletal or supportive role. 

Still other ('.ells, from the embryonic, mesoderm, may also serve 
the all-important, neurons if] the form either of nutritive blood, or 
as protective sheaths. 

The neuron theory , which is the most commonly accepted working 
hypothesis of biologists concerned with the nervous system, holds 
to two propositions: lirst, that the nervous system proper is en¬ 
tirely made up of neurons; and second, that transmission of nerve 
impulses from one neuron to another is by means of make-and- 
break contact without protoplasmic fusion. 

The point of contact between neurons is called a synapse . The 
entire working nervous system in man involves several hundred 
million synapses. 

After differentiation from their generalized spherical embryonic 
form, neurons come to vary enormously in size, shape, thickness, 
length, and manner of their insulation. The cell body immedi¬ 
ately surrounding the nucleus sprouts out into various processes, 
the so-called ‘‘nerve fibers.” They may become enormously 
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' collateral 


attenuated and lengthened (Fig. 589), although always remain¬ 
ing an essential part of the cell and under immediate control of 
the nucleus. Thus the neuron assumes a form well adapted to its 
primary function of transmission at the same time that it is special¬ 
izing in sensitivity, a function which is 
simply one of the general endowments 
common to all cells. 

By “joining hands” in synapses the 
long, drawn-out neurons form continuous 
living bridges and networks that connect 
points of stimulation with points of re¬ 
action. In short they are conductors w hich, 
like telegraph wires, permit, the passage 
of messages while remaining stationary 
themselves. 

The more recently developed neuro - 
humeral theory * points out that transmis¬ 
sion from neuron to neuron, in some in¬ 
stances at least, may depend not upon 
direct contact, but be due to the horrnonie 
production of “neuro-humors” that make 
a bridge at the junction of one neuron with 
another over which impulses may pass. 

The extended fibers of certain nerve 
cells in man may reach an actual length of 
three feet, from nerve cord to toe tip, an astonishing span for any 
single animal cell to attain. The end of such a fiber is thus fre¬ 
quently much nearer to the nucleus of some neighboring cell 
with which it may come into synaptic touch than with its own 
nucleus. 

Until tlie nearoblasts , or embryonic neurons, have sprouted out 
their cell processes sufficiently to make con I act possible, the trans¬ 
mission of impulses cannot be even temporarily established. These 
pathways are thus gradually set up and any break in the network 
of links interrupts the operation of the whole system to some degree. 
One explanation of unconsciousness and sleep is that for the time 
being the integrating synapses between the neurons are at, least 
partially interrupted. 

* Parker, G. II., Nervous Activity by Humors , with Special ltrference to 
Chromatophores , Cambridge University Press, 1932. 


/ 


Fkj. r>»9. — A nerve cell. 
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J. POLARITY 

The capacity for conduction through valvelike synapses results 
in polarity , or one-way traffic, within the individual neurons. Im¬ 
pulses enter along certain fibers or processes and depart by others, 
a relation which is never reversed. The fibers forming incurrent 
pathways, with respect to the nucleus and cell body, are known as 
dendrites , because lhey present abundant treelike arborizations. 
The excurrent pathway, on the other hand, is through a single 
special fiber, called the neurite , which is usually larger and much 
longer than the more numerous dendrites and not so much given 
to branching. Whenever branching does occur in a neurite, the 

twigs, or collaterals , except at the tip of the 
neurite, characteristically leave the main fiber at 
right angles instead of by acute angles as in the 
case of dendrites (Fig. 589). 

Neurons may be bipolar or multipolar , according 
to the type of polarity which they exhibit.. The 
more primitive bipolar type, with one centripetal 
dendrite and one centrifugal neurite, is found in 
fishes, and also in the dorsal ganglia of higher 
vertebrates. Multipolar neurons, on the other 
hand, have several dendrites and a single neurite. 
An apparently unipolar type sometimes results 
when the proximal ends of a dendrite and a 
neurite appear to emerge together from the cell 
body. In reality, however, they are brought around side by side 
as a result of the mechanics of growth and are quite independent 
morphologically from each other, although taking on secondarily 
a unipolar appearance (Fig. 590). 

When a neurite ends in a^muscle fiber or a gland, it may either 
enlarge into a flattened end plate or bulb , or else expand into a tiny 
brush , or end simply like a thread . The distal tips of neurites and 
dendrites, at the points of synapsis, form the weakest links in the 
chain of neuronic elements. 

2. NEURITES AND THEIR SIIEATHS 

Neurites fall into four categories with respect to the degree and 
manner of sheathing, as follows: 





Stages in the 
transf orinnlion 
of a bipolar neu¬ 
ron into an ap¬ 
parently unipo¬ 
lar neuron. 
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(1) Naked processes, or axons, without, sheaths, occurring in the “gray 
substance’’ of the central nervous system of amphioxus and the 
cyclostornes, and in some of the nerves of (lie autonomic nervous 
system. 

(2) Axons with a protective so-called Schumann's sheath , or neurolemma , 
characteristic of invertebrate “rimes" generally; in umphi- 
oxus and the eyelostoines; in olfactory nerves; and at the 
distal ends of the spinal nerves. This sheath is made* up of meso¬ 
dermal cells. 

(3) Axons with an insulating sheath of fatty or lipoid substance, the 
medullary sheath , occurring in the “white substance*’ of the central 
nervous system. 

M) Axons with both sheaths present, the medullary sheath within 
Schwann’s sheath. This type occurs in nerves generally, except at 
the ends. 

The medullary sheath is pinched in and interrupted at frequent 
intervals along the axon by the nodes of lianvier. It is thought that 
these may facilitate l he access of the 
capillaries to I he axons in the matter 
of providing nourishment. 

Ml these types of axons and their 
sheaths are diagrammatical!) repre¬ 
sented upon a single neuron in Figure 

591. 


dendrites 


cell body 


3. MICROSCOPIC STRCCTl HJ; 

Microscopic^ examination of a neu¬ 
ron after proper staining reveals struc¬ 
tural details of great complexity. 

Neurufibrils, like myofibrils in a 
muscle cell, extend through the cell 
from eud to end. They also surround 
the nucleus. Tn all probability they 
are highly elaborated parts of the 
cytoplasm directly concerned with 


nerve endinps^ 
muscle 



medullary sh&th 
Schwann's thedb 


mmmz 

Fig. 591.— Diagram of a 

.i* ‘ . . p . , multipolar neuron, witti sheaths, 

tne transmission ot nerve impulses. (\ivr Plate) 

Around the nucleus and in the den¬ 
drites, but not in the neurite, is found the so-called tigroid suhslance 9 
or Nissl bodies , which apparently plays some pari, in the metabo¬ 
lism of the neuron, since it varies in amount in accordance with the 
amount of work done. 

Another cytoplasmic structure of problematic, function, which is 
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particularly characteristic of neurons, is the Golgi apparatus , a 
system of canals connecting the nucleus with pores at the cell 
surface. In spite of the triumphs of histological discovery, much 
still remains to be found out. Our present knowledge of the marvel¬ 
ous units of the nervous system might be compared to what it 
would be possible to learn of short wave transmission by examining 
the picture of a cross section through a house that lias a radio in it. 

With increasingly refined technic what 
new discoveries has the neurologist of the 
future in store! 

III. Reflex Arcs 

The functional units of the nervous 
system as contrasted with the structural 
units are called reflex arcs, which involve 
two or more neurons, and in addition a 
non-nervous element, in the form of a 
muscle cell, for example, or a gland cell 
that acts in consequence of the stimulus 
received. 

Fig. .>92. I hr plan oi arc- ^ re flex arc consists in each case of at 
flexure. 1, receptor; 2, sen- , . 

sory trunsniitt.IT; 3. adjustor; least, live fundamental links, each with 

4, effector transmitter; 3, of- a different function, namely, (1) a re - 

factor; 6. rH«y,>r. Holow the , (2) a sn)Sorv transmitter; (3) an 

dotted line* is represented a ' ■ . ' 

simple reflcv; in the entire dia- adjustor ‘ (1) a motor transmitter; and (5) 

gram, a more complicated an effector (Fig. 592). Together these 
reflex in\ olv iiiR more neurons. fiv(l fon „ a living c | la i„ or bridge 

extending from the point of stimulation to the organ which 
functions as an effector. The receptor and the sensory transmitter 
together consist of a single neuron, so placed as to receive stim¬ 
uli at the dendritic pole of the cell body, either from the outside 
world or from within the body itself, while the ueurite, or axon, 
becomes the sensory transmit ter to another neuron. 

Receptors are of two general kinds, namely, contact receptors , 
such as those involved in touch and taste where the stimulating 
agency acts directly in immediate contact with the receptor cell, 
and distance receptors like those of the eye and ear, where the 
stimulus is projected from some point more or less remote from the 
receptor. 

Adjustors, which are neurons that evaluate the stimulus re- 
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ceived and determine what is to be done, are usually withdrawn 
from the surface into a region protected from the direct bombard¬ 
ment of stimuli. The neurite of each adjustor forms the motor 
transmitter, or the fourth link in (lie chain that carries the decision 
of the adjustor to the effector (Fig. 593). 

The most numerous effectors in rellex arcs are no doubt muscle 
cells, although glands, phosphorescent cells, and chromaLophores, 
which are modifiable pigment-bearing cells, are also effectors that 


respond to stimuli by 
action of* some sort. 

Of the two funda¬ 
mental neurons in a 
reflex arc the sensory 
cells usually have long 
dendrites and short 
neurites, while the re¬ 
verse is true of motor 
cells. When effectors 
become separated at 
greater and greater 
distances from each 



Fic. 593.---Transverse section of the ventral 
nerve chain and surrounding struct tires of an earth¬ 
worm. cm, circular muscles, by, hvpodcrmis; lm, 
longitudinal muscles; me, motor cell body; inf, 
motor nei\e fiber; sc, sense cell; sf, sensory fiber; 
vg, \entrnl ganglion. (After Parker.) 


other, an additional link is inserted, the so-called internancial 
neuron, or relayer. X large part of both the spinal cord and the 
brain is made up of such intermediate neurons which increase the 
distance in the chain between receptors and effectors, making 
complex relationships not only possible but inevitable. 

\ relayer, or association cell , not only lengthens its special lino 
of communication, but also makes possible a hook-up with other 
lines. Thus single effectors may receive simultaneous impulses 
from several receptors at the surface, or a single receptor may 
deliver impulses to be acted upon by several different effectors at 
once. In either case the. receptor, adjustor, and effector make a 
trinity that ads as a unit. 

Many reflexes, for example those arising from the stimulus of 
food in the intestine and resulting in the secretion of digestive 
juices, are quite automatic and predictable, not involving re¬ 
layers located in either Ihe cord or the brain. They are simple 
reflexes, as mechanical as the reflection of light from a mirror. 
Other reflexes are compound reflexes that "go around Robin Hood’s 
barn " through the adjusting centers of the. cord or brain and along 
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an extended network of relayers in accomplishing their results. 
These form the machinery of instinctive action , which, like a percus¬ 
sion cap in exploding a rifle charge, sets free automatic responses 
whenever the proper stimulus is applied, without demanding 
previous experience in the matter. 

Ilabit formation , which is an acquired type of behavior resulting 
from repeated reflexes, can also become a more or less automatic 
response. The learning process , on the olher hand, is a plastic, 
changeable operation, built up out of conditioned reflexes , as the 
cumulative result of many reflex arcs that involve detours of sen¬ 
sory impressions and motor responses. For example, anyone who 
has once viewed a skunk and experienced its compelling odor has 
only to receive again the visual stimulus produced by seeing this 
conspicuous black and white creature, in order to recall vividly the 
accompanying odor, even though the odor is absent. The natural 
response of retreat is not a direct reaction to the sight of the skunk's 
color and form, but instead, to a possible disagreeable odor asso¬ 
ciated with the visual impression that if makes. 

The dividing lines between instinct and learning are not always 
sharp cut, for various animals including man exercise both phases 
of behavior. Although bees, for example, must learn the environ¬ 
ment in which they live in order to find their way about, there are 
many other things in their daily life which they do not have to 
learn how to do, being born with instincts that direct their behavior 
automatically. 

IV. The Evolution of the Nervous System 

It took a long time to develop the complex human nervous 
system. In a simple animal like an Amoeba , the whole body is a 
single cell-mass of protoplasm, possessing a generalized capacity 
for irritability and contractility. Whenever a stimulus impinges 
at some spot on such a body there results a direct local response 
at the point of stimulation, but the news of it travels slowly, if 
at all, to other parts of the cell. The fact that an Amoeba in 
escaping from danger extrudes a pseudopod on the side opposite to 
the point of stimulation is an indication that some degree of proto¬ 
plasmic conduction is present even here. It is out of the question 
in such a case to speak of sense organs or receptors, of communicat¬ 
ing nerve fibers, adjusting centers or of reacting muscles, because 
they have not yet developed. 
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Probably, as pointed out by Parker, the first step toward any 

real neuromuscular mechanism is found in the sponges (Porifera), 

which have special cells (porocylrs) surrounding the pores leading 

into the labyrinth of ciliated canals peculiar to these creatures. 

These cells are in some way modified so that. 

upon sufficient stimulation they contract to 

close the pores. The only motion effected by 

sponges, aside from amoeboid mm emeu! of Fig. 591.—Diagram 

certain individual cells, is brought about by V 1 , u " ‘*f- 

* lector. A muscle cell, 

the porocytes and 1 lie cilia lining I he canals. M jcIi as occurs in the. 
Like the part of an Amoeba which is exposed lowest, multicellular an 
to local stimulation, porocytes con tract di- 1,,uils * ^ t,<T barker.) 
rectly when stimulated, without I he medial ion of any separate 
sensory receptor. Thus the muscular or coni rad ile element of the 
neuromuscular apparatus becomes active before the nervous or 
sensory element. 

The same sequence occurs in the embryonic stages of higher 
forms of life. For instance, I he vertebrate heart begins ;o beat 
before its nerve supply becomes established. This preliminary 
stage is called by Parker, who has so admirably worked out the 

g early stages of nervous devel¬ 

opment, the independent effec¬ 
tor stage (Fig. 591). 

The real beginning of a com¬ 
plete, neuromuscular mech¬ 
anism, however, comes later, 
when a sensory cell transfers 
a stimulus received to some 
reacting cell with which it is 
in contact. Such an advance 
may be termed the receptor- 
effector stage (Fig. 595, A). Jn 
its most primitive form if is exemplified by Hydra and sea- 
anemones among the cool on l orates, where specialized ectodermal 
cells, exposed to the outside, communicate the stimuli which they 
receive directly to a contractile inner part of the stimulated cell 
itself, or to neighboring contractile cells. In the receptor-effector 
stage there is a practical absence of integrating action in the 
organism as a whole. Each pari is equipped for local response 
to local stimulus, much as Amoeba is. 11 the tentacle of a sea- 





receptor 


tfVV'L 


muscle 



lion 


Fig. 595. —Diagram of receplor-oflec- 
tor systems, Mich us is seen in sea anem¬ 
ones. A, simple type; It, more complex 
type* with the insertion of a ganglion 
cell. (After Parker.) 
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anemone is cut off, for example, upon being stimulated by a food 
substance it will still respond by bending toward the point where 
the oral opening was, as if still attached to the body, since the 
complete receptor-effector apparatus is contained in the tentacle 
itself. 

A similar receptor-effector apparatus persists in the walls of the 
digestive tube of man in the form of the so-called Auerbach's plexus , 
by means of which peristaltic response lo the stimulating presence 
^ of food is brought about without the interven- 

> tion of cord or brain. 

T\JL —The next step comes with the formation of 

diffuse networks between the receptor and the 
effector cells. By this means stimuli impinging 
network from a u P on a lew receplors may be distributed to many 
small blood vos- effectors, thus magnifying the result and render- 
sel in the palate j n g \i more efficient. Diffuse.networks occur in 

Prentiss )' ^* ier such primitive animals as jellyfishes, but they 

do not constitute a true central nervous system 
corresponding to the cord and brain, since they are not typically 
composed of independent synaptic neurons, having dendrites 
and neurites through which impulses travel in one direction 
only with definite polarity. Parker proposes the name of pro¬ 
toneurons for the elements of the diffuse networks (Fig. 596), 
which are perhaps the forerunners of lhe internuncial cells that 
later make up the bulk of the central nervous systems of higher 
forms. 


With the addition of central elements that bring about adjust¬ 
ment and modification between receptors and effectors, the ad¬ 
justor stage is reached (Fig. 595, B). The centrally located ad¬ 
justor elements originate on the outside but later by migrating 
inward assume their protected position. It. follows that when they 
are thus cut off from the outside world they are helpless in them¬ 
selves without the mediation of sensory receptors which will 
bring them again into communication with the stimuli of the en¬ 
vironment. In other words, the establishment of a central ad¬ 
justor system necessitates the elaboration of sense orgaus in 
order to bring the central nervous system secondarily into outside 
communication. 


Steps in the evolution of motor and sensory neurons are shown 
in Figures 597 and 598. 
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Finally, the development of adjustors is followed by cepha- 

^ tom, or the concentration, liter- 
r ally, in the “headquarters” of the 

A -m — ^ whole animal. 

^ I The high points then in the emer- 


B 



C 

^ 4 —-— 

Fig. 597.—Evolution of a mo¬ 
tor neuron. A, protoneuron, lrom 
the nerve net of a eoelenlerate; 
B, iHMiron from an earthworm, 
(primary motor neuron of a 
vertebrate. In all eases the re- 
reptor end is at the left and the. 
discharging end at the right. 
(After Parker.) 



Fig. r»9«. Evolution of sen¬ 
sory neurons. The cell body 
becomes more and more with- 
diawn from the surface (After 
Parker.) 


gence of l he nervous system from A mocha lo man are: (1) the 
local response stage; (2) the independent-elfeetor stage; (3) the 
receptor-effector stage; (1) the diffuse network stage; (a) the ad¬ 
justor stage; and ((>)-1lie cephali/alion stage. 


V. Tub Embryonic Him-; of this Nervous System 

In invertebrates generally the inward migration of the central 
nonous system comes about through a process of ddomination , 
that is, the splitting oil* of a thickened band of cells from the 
hypodermis along the ventral side of the body (Fig. 1, B). All 
stage's of this process may be seen in the formation of the nerve 
cord in different species of annelid worms. In Sutalion , for ex¬ 
ample, the entire central nervous system remains in intimate 
fusion with the ventral body wall in the form of an internal ridge 
of hypodermal (‘ells. In Nereis, however, the main part of the 
ridge is split oil* as the ventral nerve chain, while the anterior 
end, or “brain,” remains in intimate fusion with the internal 
body wall. Both the cord and the. brain of Lumhrinis lie within the 
body cavity entirely detached from the outside hypodermis. 

During the establishment of the delaminated central nervous 
system throughout this group of invertebrates the hypodermal 
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cells taking part retain their original alignment with reference to 
the outside world, that is, the cell bodies with their nuclei face 
outward toward the source of stimulation, while their neurites 
extend inward to connect with the effectors. 

In the case of \ertebrates, on the contrary, with the exception of 
cyclostomes and some fishes, the central nervous system is buried 
by a process of invagination instead of delamination (Fig. 1, A), 
whereby cells originally facing outward come to face inward 
toward the central canal of the hollow central nervous apparatus, 
with their tail-like neurites radiating toward the outside world. 
As a result of this reversal of position, the invaginated cells, 
which have literally turned their backs upon the sources of stimuli, 
attain communication by means of synapses not only with the 
receptors without but also with the effectors within. The rise of 
the adjustors, which make up the ('(Mitral mechanism of the reflex 
arcs, opens the way for the vast and intricate hook-ups that fur¬ 
nish the morphological basis necessary in the attainment of the 
intellectual life. 

The first step in the formation of the vertebrate nervous system 
occurs toward the cud of the gaslrula stage when the ectoderm 
in front of the blastoporic lip thickens to form the neural or 
medullary plate , which extends lengthwise along the dorsal side 
of the elongated embryo. This struct ure is morphologically con¬ 
tinuous and, since the embryonic ectoderm is not conspicuously 
given to metameric expression, it is never marked oil* into segments, 
as is the underlying mesoderm in the formation of somites. 

The lateral edges of the long flat medullary plate next become 
elevated, thus transforming it into a troughlike canal, the medul¬ 
lary groove (Fig. 122). Continuing their growth upward, the edges 
eventually meet and grow together, forming the medullary tube. 
Finally, the closure of the lube is accomplished, beginning in the 
middle region and extending both ways, so that for a time both 
ends still remain open. 

At the posterior end there may exist, in addition to the trough¬ 
like opening to the outside, a temporary inward passage-way 
around into the primitive enteric cavity through the blastopore 
(Fig. 124). This is the nearenteric canal , which remains open up to 
the fourth week in the human fetus, although the medullary groove 
begins to close about the fifteenth day. The anterior end of the 
medullary tube remains unclosed longer than the posterior end 
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in the form of the so-called neuropore , which is gradually shoved 
over by the excessive growth at the anterior end into a some¬ 
what ventral position. Amphioxus retains the neuropore through¬ 
out life (Fig. 221). Possibly in this forerunner of the vertebrates 
it may serve as some sort of a sense organ. 

The medullary tube is at first comparatively straight, but soon 
assumes somewhat the shape of a question mark, due to the rapid 
unequal growth of the incipient brain. As I he medullary tube 
closes there form on either side along the seam of fusion two 
distinct ridges of medullary tissue, the neural crests (Fig. 599). 
At first continuous with the tube, these (Tests later gain independ¬ 
ence by the insertion of invading mesenchymal tissue between 
them and the tube itself. Eventually the 
crests break up into chains, forming both 
the dorsal ganglia of the spinal nerves and 
the autonomic nervous system whose 
sprouting neurons gain a secondary con¬ 
nection with the cord. Thus in this man¬ 
ner all of the nervous tissues of the body 
outside of the central nervous system are 
derived, either directly or indirectly, from the medullary tube, 
with the exception of cells and fibers that contribute to the olfac¬ 
tory epithelium. H. li. Ziegler aflirms that in many teleosts the 
embryonic, foundation of the spinal cord is laid down first as a 
solid rod of cells which afterwards becomes hollowed out. 



spinal W™ 
^cuticle plate 

N H, 

Fiu. .W).—Diagram of 
the neural crests which 
form I lie spinal ganglia. 
(After Piersol.) 


VI. This Cord 

For clarity of description the parts of the nervous system will 
he arranged in the following order: 

I. Central Nervous System 

1. Cord 

2. Drain 

II. Peripheral Nervous System 

1. Spinal Nerves 

2. Cranial Nerves 

III. Autonomic Nervous System 

IV. Sense Organs (Chap. \\) 


1. FORM OF THE CORD 

The human nerve cord may be used as the basis for the de¬ 
scription of the cord, not only because it is of more immediate 
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interest than that of other vertebrates, but also because much 
more is known about it. 


bram 


With its ensheathing envelopes removed it is seen to be a 
slightly flattened tube, having a median furrow running down its 

dorsal length (Fig. 600), and another wider but 
shallower groove along the middle of the ven¬ 
tral side. These two furrows are so deep that 
they apparently almost pinch the cord into two 
symmetrical halves. Other less conspicuous longi¬ 
tudinal furrows are also present, giving the whole 
cord somewhat the appearance of a fluted column. 
The two main furrows result from an exces- 


_ dorsal groove 


.cervical 

enlargement 


.lumbar 

enlargement 

€ 

\jjniz end of cord 




ilom terminate 


Fig. 600—Dia¬ 
gram of t.ln* hu¬ 
man cord, dorsal 
view, showing en¬ 
largements and 
Jilutn terminals. 


sue growth and expansion of the lateral walls of 
the lube, the dorsal and ventral regions increasing 
comparatively little in 


thickness, while the 
cavity within the cord 
remains nearly as 
small as in the embry¬ 
onic stages. On ac¬ 
count of this fact the 
t ubular character of 
the cord appears con¬ 
siderably camouflaged 
to the superficial ob¬ 
server, since the oen- 
t ral canal remains re la- 


dorsal root 

dorsal funiculus 
dorsal boro 
lateral funiculus 

lateral column 
ventral horn 
ventral funiculus 
ventral root 
Fia. 60 1. Diagram of a 
cross section through one half 
of the spinal cord, showing 
the arrangement of the funic¬ 
uli of while matter and the 
columns of gray matter. ( After 
llerrick.) 



tively small and inconspicuous throughout the lengthwise bridge 
that joins the two halves of the cord (Fig. 601). 

At the anterior end where the eord passes over continuously 
into the brain, it appears broadened and somewhat oval in cross 
section, but at the posterior end it tapers rapidly and finally 
terminates in a non-nervous threadlike prolongation, the Jilum 
terminate , into which in early fetal stages the central canal of the 
cord still extends. 

In two regions, at the level of the arms and the legs, the cord 
becomes swollen to an increased size. That these enlargements 
are associated with the increased nerve supply of the paired 
appendages is indicated by the fact that they are absent during 
embryonic growth before the limbs develop. Jn Hying bats, as 
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would be expected, the anterior far exceeds the posterior enlarge¬ 
ment in size, while in leaping kangaroos, which have rudimentary 
dangling fore legs and powerful hind legs, the reverse is true. 

Certain gigantic dinosaurs of the remote past, that were propped 
up upon a colossal underpinning of pillar-like legs, for example 
Stegosaurus (Fig. 33, D), actually had a considerably greater 
diameter in the sacral region of the cord than in the brain itself, 
which inspired the famous columnist “BLT” of the Chicago 
Tribune to write: 

“Behold the mighty dinosaur 
Famous in prehistoric lore 
Not only for his power and strength 
But for his intellectual length. 

You will observe by these remains 
The creat ure had two sets of brains— 

One in his head (the usual place), 

The other at his spinal base. 

Thus lie could reason a priori 
As well as a posteriori. 

No problem bothered him a hit. 

He made both head and tail of it. 

If something slipt his forward mind 
’Twas rescued by the one behind. 

And if in error he was caught 
lie had a saving afterthought. 

Thus he could think without congestion 
Upon lx3t.li sides of every question. 

Oh, gaze upon this model beast. 

Defunct, ten million years at least.” 

2. EXTENT 

In a typical human adult, the nervous part of the cord from the 
level of the foramen magnum of the skull to the beginning of the 
noil-nervous filum terminale, reaches only about eighteen inches, 
or to near the level of the first lumbar vertebra. Thus the entire 
axial central nervous system, including the brain and the func¬ 
tional part of the cord, extends only from Ihe region of the fore¬ 
bead to the “small of the back.” Kmbryonically as well as 
phylogenetically the cord is originally practically as long as the 
backbone itself. 

In Ornithorhynchus and a few rodents it reaches as far as the 
sacrum, but there is a pronounced evolutionary tendency for it to 
shorten. 
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Among insects the process of cephalization, or shrinkage in the 
length of the cord, is very striking. The “lower" insects have a 
primitive nerve chain extending along the entire floor of the body, 

whereas “ higher ” forms 
present a condensed 
cord, composed of gan¬ 
glia that have tele¬ 
scoped together into 
compact masses. Dur¬ 
ing the metamorphosis 
of an insect, such as a 
honey bee for example, 
a ganglionic chain 
stretches the whole 
length of the long larval 
body, but in the adult 
^ JJ worker bee which even- 

Lan/a Adult tually emerges from the 

Fie. 602.-- Nervous system of a honey bee, larva, the nerve chain 
lar\a and adult, compmed to show the coneen- • . 1 v 

trillion of ganglia, (\ft.-r Blanchard.) IS represented by gan- 

glionic masses that are 

drawn much more closely together (Fig. 602). 

In primates the degree of shortening marks the relative posi¬ 
tion in animal aristocracy which each form oc¬ 
cupies, as the following table shows: 

Lemur, cord ends at the 7th lumbar vertebra 
Marmoset (Uajjalr) “ “ 6th 

Monkey (Macaws) “ “ 4 th 

Mail ' “ “ 1st 

It is interesting to speculate as to the possible 
fate of the shrinking nerve cord in the far dis¬ 
tant future. Probably the time will never come 
when the cord will be entirely dispensed with, 

since there must alwavs remain a structure of Orthagoriscus, 

1 . with acord hardly 

sufficient length to furnish a point ol departure longer than the 

for the nerves supplying the body. However, brain. (After 

certain bizarre fishes, for example Orlhagoriscus ) 

(Fig. 603), quite out of the main current of evolutionary progress, 

have become so specialized in the form of the body, as to have 

a cord hardly as long as the brain itself. 


4 4 


( 4 



Fig. 603.—A 
marine sun fish, 
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3. INTERNAL ARCHITECTURE 


With the formation of the medullary tube there is established 
around the central canal, above and below, a roof and floor region 
respectively, which do not increase notably in thickness, and two 
sides that enlarge enormously until they overshadow both roof 
and floor, bringing about the formation of the dorsal and ventral 
furrows of the cord. 

Epithelial cells, derived from the medullary plate, form the walls 
of the medullary tube, differentiating into three sorts, namely, 



dorsal ganglion 


inner Lone 


neuroglia 


ventral root 


ciliated non-nervous ependymal 
cells; non-nervous spongioblasts , 
that give rise to skeletal neuroglia 
cells; and neuroblasts , destined 
become the important neurons. 

The spongioblasts, with the epen¬ 
dymal cells, form a framework 
which becomes more or less ar¬ 
ranged in three zones that are ge/wwiaf 

particularly apparent in the re- F “ 604.—Diagrammatic section 
gioil of the thick lateral walls, of th(‘ human spinal cord at the sixth 

The cells of the inner zone, bor- showing three zones ol dilfer- 

, . .. .i \i .. entiation. (After Keith.) 

tiering directly on the central 

canal, are columnal ependymal cells, which are ciliated in fetal 
life and may extend like girders from the margin of the central 
canal to the outer surface of the cord. In the middle and outer 
zones the spongioblasts form a supporting meshwork of spider¬ 
web-like neuroglia cells (Fig. 601). 

The embryonic neuroblasts collect, for the most part, within the 
sustaining neuroglial meshwork of the middle zone, where they in¬ 
crease rapidly and group together into two main columnar masses, 
dorsal and ventral, with an intermediate lateral mass between 
them. 

The dorsal, or alar , area is given over to cells and fibers of 
afferent or sensory neurons , concerned with bringing in impressions 
from without, while the ventral, or basal y area becomes head¬ 
quarters for efferent or motor neurons , that convey messages out¬ 
ward to various effector mechanisms. 

Since the neurons of the alar and basal areas intervene between 
sense organs of the outer surface and the voluntary muscles or 
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glandular effectors of the body, they are termed voluntary somatic 
neurons , as contrasted with the involuntary visceral neurons , which 
are located in the intermediate lateral area between alar and basal 
regions. Resembling somatic neurons in that they are similarly 
made up of dorsal sensory and ventral motor units, the two 
kinds of visceral neurons provide for the more or less inconspicuous 
activities of the visceral organs. 

Thus the middle zone in the lateral wall of the cord includes 
four kinds of neurons, in sequence from dorsal to ventral as 
follows: somatic sensory; visceral sensory; visceral motor; and 
somatic motor (Fig. 605). Together they constitute a mass of 
nervous tissue known as “gray matter,” which, in a cross section 
of the cord, somewhat resembles a butterfly or a capital letter It 

with a hole (the central canal) 
through the center of the crossbar. 
The gray matter on one side is 
continuous w ith *hat on the oppo¬ 
site side by incurs of a bridge, 
the dorsal part of which is the 
t m ns- (fray commissure which encloses 
human ihe central (anal. The ventral 


somatic sensonj 
v/sceral senborq. 
visceral motor. 
Somatic motor 



Flu. 605. --Diagramirial if 
verse section through the 


spinal cord, showing the location of , ()f ,| 1( > | )r j ( |,r ( . wlliell likewise 
the Jour types ol neurons. (Alter , . , , 


Herrick.) 
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connects the two sides ol the cord 
is known as the white commissure. 
It lies below the grav commissure and the central canal and is 
characterized more by the presence of neurites than, like 4 the gray 
commissure, by cell bodies. 

The outer zone of the* cord is primarily occupied by a non- 
nervous, supporting network of neuroglia cells. Into this network, 
whieli serves as a scaffolding, there penetrate the lengthening 
and more or less parallel fibers of the sprouting neurons, forming 
jiber tracts for transmission and making up the “white matter” 
of the cord which surrounds the gray matter on all sides. 

The reason why the fibrous transmission part of the cord is 
‘‘white” is because the medullary sheaths on the neurites appear 
to be white, while the main cell bodies, together with the proximal 
part of the fibers not having medulla ted sheaths, present a grayish 
appearance. 

The white medulJated fibers arise from cell bodies located (1) in 
the cord itself; (2) in the dorsal ganglia outside the cord; and (3) in 
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the brain. Together they constitute highways of communica¬ 
tion between more or less distant parts of the entire body. Some 
of the while fibers join together in cables to form the spinal 
nerves that emerge from the cord, while others extend for varying 
distances up and down within the cord itself along the marginal 
region. 

These white fiber tracts are separated from each other by the 
projecting horns of the gray matter, the uprights of the letter H y 
into three large groups or funiculi, namely, posterior , lateral , and 
anterior (Fig. 601). In animals oilier than man the “anterior” and 
“posterior” regions of the cord become ventral and dorsal respec¬ 
tively. The funiculi are further differentiated into parallel tracts, 
or fasciculi, in which one-way Ira flic is the rule. 

In the fasciculi of the posterior funiculi, the traffic moves up¬ 
ward towards the brain; in the anterior funiculi it is returning 
from the brain to the cord; while in the lateral funiculi there 
are some fasciculi that send messages upward to the brain and some 
that carry messages downward from the brain to the cord. The 
determination of these facts has been difficult though fascinating 
work, engaging many different investigators over a long period of 
time. 

Two outstanding methods have been employed in tracing the 
course of the pathways over which the countless messages of com¬ 
munication go. As long ago as 1852 Waller found out that when a 
fiber is cut the part of the individual fiber or axon distal to the 
nucleus degenerates. This serves to indicate in which direction the 
nucleus of a nerve cell is situated, and also in which direction in¬ 
visible messages are traveling, just as when a bellrope is cut it can 
easily be determined which of the two pieces of rope is still con¬ 
nected with the bell. By the aid of experiments upon animals 
whose nerve fibers ha\e been allowed lo degenerate following cut¬ 
ting of a known part of I he cord, or in case of autopsies following 
either sensory or motor paralysis of known regions of the body, 
I he relation between certain nerve libers and certain regions of 
the body can be determined. 

This type of research is supplemented by resort to methods of 
differential staining w hich render neurites visible. Thus the details 
of the invisible highways in the cord have been pieced together 
accumulatively, until now quite a complete picture of the whole 
complicated system of nervous traffic lanes is available. 
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Another method (Flecksig) of determining the course and 
direction of the fasciculi of the cord is dependent upon the fact that 
the visible medullary sheaths of the neuritcs develop at different 
rates in different regions, so that by following the myelization of 
fibers the flow and progress of the nervous hook-up in growth can 
be to a certain extent traced. 

As would be expected, the various paths in the Great White Way 
of the nerve cord are much more definite in higher forms than in 
lower vertebrates. According to their general functions they may 
be grouped in the following manner, as they appear in the cross 
section of the human cord: 

I. Ascendiruj Sensory Tracts 

1. Dorsal Columns 

1. Median (fasciculus gracilis Golli) 

2. Lateral (fasciculus cuneatus Burdachi) 

2. Spinal Cerebellar System 

1. Postero-lateral (fasciculus cerebello-spinalis) 

2. Antero-la Loral (fasciculus antero-iateralis) 

3. Spino-bulbar System (fasciculus supcrficialis) 

II. Descending Motor Tracts 

1. Cortico-spinal System 

1. Lateral crossed pyramidal tract, (fasciculus cerebro- 

spinalis lateralis) 

2. Anterior direct pyramidal tract (fasciculus cerebro- 

spinalis anterior) 

2. Bulbo-spinal System 

1. Lateral (fasciculus lateralis proprius) 

2. Anterior (fasciculus anterior proprius) 

(a) Ascending Sensory Tracis .—The fibers which give rise to the 
so-called dorsal columns are neurites coming from neurons located 
in the dorsal ganglia of the spinal nerves outside of the cord. As 
they come into the cord by way of the dorsal or posterior root, of the 
spinal nerve, they branch and go both ways with the larger branch 
toward, and the shorter branch away from the head, thus making 
the dorsal columns. Both the longer ascending craniad fibers and 
the shorter descending caudad fibers send off collaterals that 
enter the basal area of the gray territory, where they form 
synapses with the somatic motor neurons located there. Many 
of the cranially directed fibers may reach without relay as far as 
the brain itself. 

The afferent dendritic processes of these same neurons extend 
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outward from the dorsal ganglia, where their cell bodies and their 
nuclei are located, to connect with receptors, or to serve them¬ 
selves as receptors. Thus a line of communication is made com¬ 
plete between the stimuli from the outside world and the effectors 
of the body, by way of the adjusting center of gray matter in the 
cord or in the brain. 

The dorsal columns are composed principally of two tracts, 
wedge-shaped in cross section, the inner median one next to the 
dorsal fissure being the Column of Goll, and the lateral one next to 
the dorsal horn of gray matter, the Column of Burdach , so named in 
honor of two neurological pioneers (Fig. 606, M.D. and L.D.). 

In fishes the dorsal columns are poorly developed, because out¬ 
side stimuli are largely received through the lateral line sense 
organs which are supplied by a 
branch of the Xth cranial nerve 
(vagus), and so are carried directly 
to the brain, instead of indi¬ 
rectly by way of the cord. 

In the lateral funiculi included 
between the dorsal and ventral 
roots of the spinal nerves, the 
two most definite tracts of white 
fibers constitute the lateral spino¬ 
cerebellar system. They are by no 
means as well defined or as periph¬ 
eral in position among fishes and 
amphibians as in the higher verte¬ 
brates. One of these tracts on 
either side, the poslero-laieral 
spino-cerebellar trad of Fleeks ig, is 
made up of fibers that reach the 
brain by way of the restiform body 
(to be identified later). The nuclei of the neurons in this tract are 
located in the dorso-median region (Clark's column) of the gray area 
on either side of the central canal. The other pair, or antero-laleral 
spino-cerebellar tracts, are ascending bundles of fibers, the cell bodies 
and nuclei of which likewise lie in the general dorsal region of the 
gray area, while their neurites lead directly, or by relay neurons, to 
the cerebellum of the brain. 

Associated intimately with the spino-cerebellar highways are 


MD. LJD. 



Fig. 606. —Diagram of the 
nerve tracts in the cord of the neck 
region of a higher mammal. M.D., 
median dorsal; L.D., lateral dor¬ 
sal; P.L.S., postero-lateral spino¬ 
cerebellar; L.l\, lateral pyramidal; 
G.B., ground bundles; A.L.S., an- 
toro-lateral spino-cerebellar; A.P., 
anterior pyramidal. (After Flechsig 
and Kohler.) 
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various other lesser fasciculi that reach different centers in the 
brain and form what is called the spino-bulbar system , carrying 

impulses of the cutaneous senses of pain, 
temperature, and touch. The nuclei of the 
neurons of + hese tracts are located in the 
gray matter on the side opposite from that 
occupied by the fiber tract iLself, for which 
reason a crossing over, by way of the gray 
commissural bridge around the central canal, 
is made necessary. 

(b) Descending Motor Tracts .—The cortico¬ 
spinal system , on the ot her hand, runs from 
the brain to the cord, constituting a motor 
transmission highway that reaches its High¬ 
est expressioii in mammals. Arising from 
cell bodies in the cortex of the cerebrum in 
the anterior part of 1 lie brain, if grows down 
by means of neurites into the cord, even¬ 
tually reaching the ventral horn of the gray 
area to synapse with the neurons there whose 
fibers extend outward through the ventral 
roots of the spinal nerve to the effector 
mechanisms. 

The cortico-spinal fibers do not all follow 
the same course. Most of them, upon reach¬ 
ing the posterior pari of the brain (me¬ 
dulla), cross over from the side of their 
cortical origin and enter the cord on the 
opposite side, forming the lateral crossed 
pyramidal tracts , which are bordered on the 
outside by the spino-cerebellar bundles of 
the lateral funiculi (Fig. 607). These tracts 



Fig. 607. - Diagram 
representing the course 
of Llie fibers of the 
pyramidal system. 1, 
fibers to the nuclei of 
the cranial nerve; 2, 
uncrossed fibers lo the 
lateral pyramidal fas¬ 
ciculus; 3, fibers of the 
anterior pyramidal fas¬ 
ciculus, crossing in the 
cord; 4 and 5, fibers 
that cross in the pyram¬ 
idal decussation to 
make the, lateral py¬ 
ramidal tract, of the 
opposite side. (After 
Howell.) 


together form “a great motor strand which 
brings the spinal motor apparatus under 
the control of the will'’ (Cunningham). Other fibers, fewer in 
number, continue from cortex lo cord on the same side of their 
origin, forming the anterior direct pyramidal tracts , that come to lie 
on either side in the anterior funiculus close to the ventral fissure. 
These latter tracts are found only in the anthropoid apes and in 
man. Just before the fibers composing them terminate, they also 
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cross over within the cord and synapse with motor neurons of the 
side opposite from that of their origin, so that finally all neurons of 
the cortico-spinal system make connections with effector neurons 
on the side of t he body opposite to that occupied by the cell bodies 
from which they originate in the brain. 

Other lesser descending bundles, which may be grouped together 
as the bulbospinal system , return from different parts of the 
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brain lo the cord and aid in the complicated regulation of the 
effectors of the body. 

(<*) Association (iround Bundles.— - Immediately around the gray 
area of the cord on I he border line between it and I he while funiculi 
are the association ground bundles which are composed of neurons 
with short fibers that never reach I he brain and whose nuclei are in 
the gray region of the cord. All the neurons of the ground bundles, 
therefore, are within the cord, connecting with different systems 
and interlocking them. 

The lateral ground bundles are in the edge of the lateral funiculi, 
while the anterior ground bundles make up the bulk of the anterior 
lunieuli between the direct pyramidal tract, when present, and the 
ventral root of the spinal nerve. 

Some of the association neurons of the ground bundles cross over 
to the opposite side, thus weaving together and unifying the whole 
transmission apparatus. 
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The pattern of the gray and white matter, as well as the actual 
size of the whole cord, varies greatly at different levels in any 
individual. Since the white is the transmission highway between 
the cord and the brain, it naturally becomes cumulatively larger 
the nearer it approaches to the brain itself. Relative increase in 
the white matter at different levels within the cord of mammals 
is explained as machinery that makes possible more reliance on the 
brain in regulating the behavior of the animal. 

The relative amount in square millimeters of the white and gray 
matter throughout the human cord is shown by the curves plotted 
in Figure 608. 

To summarize, it will be seen that the nuclei of the neurons that 
make up the nerve cord have three different places of origin: 
(1) the walls of the embryonic medullary lube , giving rise to the gray 
matter, tlie ground bundles, the commissure systems, the dorsal 
lateral cerebellar tracts, the ventral lateral cerebellar tracts in 
part , and the ventral roots of the spinal nerves; (2) the dorsal spinal 

ganglia , which bud off from the medul¬ 
lary tube, giving rise to the dorsal col¬ 
umns; and (3), the brain , which provides 
for the ventral lateral cerebellar tracts 
in part , and for the pyramidal tracts. 

4. COMPARATIVE ANATOMY OF THE 

CORO 



svn 


In amphioxus there is no gray and 
white differentiation, since medullated 
fibers are absent. The medullary groove 
Fig. 609. — Cross section is still open (Fig. 609), and thus the 
through the nerve cord of am- f u ^ ure central canal lies at the bottom 

nerve fillers; vn, ventral nerve; what appears to be the dorsal fissure. 

nc, neural canal; ng, neurog- There is no dorsal fissure, however, for 

lia cells and ge, ganglion j[ ie medullary groove has not closed to 
cells. (Alter Ilaller.) . ‘ a , , 

form a medullary tube, and there is no 

excessive thickening of the lateral walls, which is the necessary 
accompaniment to the formation of a fissure. The apparent 
fissure is the medullary groove itself. Only a few scattering neu¬ 
rons are present, collected mostly along the approximated edges 
of the medullary groove and radiating their neurites into the 
network of neuroglia cells that make up the bulk of the cord, like 
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tadpoles lined up along the edge of a frogpond, with their wiggling 
tails all pointed out into the pond. 

In the lamprey eel, Pelromyzon (Fig. 610), the cord becomes 
actually tubular. Although the gray and the white areas are 

still undifferentiated, except for the dorsal 
columns, the increase in the thickness of 
the sides, preliminary to the formation of 
transmission tracts and gray areas has be¬ 
gun, as seen in the widened 
cross section. 

Bony fishes present a 

through the nerve cord of dorsal but IlO ventral 
the lamprey eel, Petrorny - r . r 

ion. <jc, dorsal columns; fissure > 1,1 consequence of Fl(; . 6n _ Cross 

le, lateral column; no, neu- which the general shape section through 

ral or central canal ; ve, j n cross section has be- the nerve cord of a 
ventral columns; vf, veil- » teleost fish, Salmo. 

tral libers. (After Haller.) ( ‘ ome round rather than (Aftcr RutachlL) 

flattened as in the cyclo- 

stomes (Fig. 611). The dorsal columns are established and 
the gray matter begins to be somewhat in evidence around the 
central canal. 



vf VC 
Fig. 610.— Cross section 



A shallow dorsal, as well as ventral, fissure is present in amphib¬ 
ians, and from this group on, the fiber tracts become more and 
more distinct. 

In mammals the lateral crossed pyramidal tracts are added, and 
finally, in anthropoid apes and man, the anterior direct pyramidal 
tracts. 


VII. Meninges 

The precious central nervous system is surrounded with wrappers 
of various sorts that make possible vertebral movement and turn¬ 
ing of the head without injuring the cord or brain. The inner 
envelopes immediately around the cord are termed the meninges . 
In higher vertebrates there are three meninges which, from the 
inside out, are named the pia mater , the arachnoidea , and the dura 
mater . 

The pia mater bears blood vessels and consequently has a nutri¬ 
tive mission primarily. It also carries a nerve supply and, there¬ 
fore, all feeling in the cord is located there. It fits with tailor-like 
snugness close around the cord and the brain, descending into the 
fissures and every unevenness of the surface. It has been likened 
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to the thin, dose-fitting, bitter skin around the kernel of a wrinkled 
walnut. 

Outside the pia is the arachnoid layer, forming a spiderweb-like 
meshwork of great delicacy, hence its name. This is succeeded by 
a dense connective tissue of protective nature, corresponding to 
the shell of the walnut, the dura mater , which fits within the skeletal 
envelope, that is, the neural arch of the vertebrae. 

In the cranium the dura serves as the inner periosteum of the 
skull bones (Fig. 612), but in the cord it is not, in direct contact 



bone 

dura m\zr. _ 

aracbnoidea/ 


ff 

pia mater. J l 



t jrV L>. 


1 cerebruni 




Fig. 612. -- Scheme of tin* general relations of the meninges to the brain. 

(After Rouviere.) 


with the bony neural arch of l lie vertebrae, being separated from 
it by an epidural space filled with fluid. In addition the space be¬ 
tween the dura and the arachnoid (subdural space), as well as that 
between the arachnoid and the pia (subarachnoid space), which is 
relatively of considerable size, is filled with a lymphlike cerebro¬ 
spinal fluid, thus forming jackets of lubricating material that serve 
as shock absorbers, making possible the movement of the vertebrae 
upon each other without, causing mechanical injury to the cord. 

The skeletal bony encasement is in turn overlaid by a thick pad¬ 
ding of tendons and muscles and finally by the closely woven skin. 
Frequently the skin itself is rendered more protective on the out¬ 
side by scales, bony plates, feathers, or fur. 

In fishes there is only a single meningeal layer, the meninx primi - 
tiva, but close to the cord and lining the skeletal archway through 
which the cord extends, there is also in all vertebrates an endosteal 
tissue, the eridorachis (Fig. 613, A). 
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In amphibians, reptiles, and birds, the meninx primitiva becomes 
split into dural and pial layers, with a subdural space between 
(Fig. 613, B), while in mammals the inner pial layer is further 
differentiated into the arachnoid and the pia (Fig. 613, C). The 
complete list of envelopes of the mammalian cord from the inside 
out is as follows: pia mater, subarachnoid lluid, arachnoid, sub¬ 
dural lluid, dura mater, epidural lluid, endorachis, vertebral arch. 
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Fin. 613. - Diagrams of the meninges in the chief groups of vertebrates. A, 
fishes; B, amphibians and sauropsidans; C , mammals. (From Wiedersheiin, 
after Sterzi.) 


tendons and muscles, and skin. Within the cranium the endorachis 
and the dura are continuous, not being separated by a fluid-filled 
epidural space as in t he cord. 


VIII. Brain 


1. IN GTCNKUAL 

The human brain has been characterized as “nature’s master 
contrivance/’ yet it must be remembered that the great majority 
of organisms on the earth fill out their cycle of existence, accom¬ 
plishing successfully the two major activities of self maintenance 
and the continuation of their kind without the aid of so elaborate 
a mechanism as that which in man becomes the “most complicated 
organ known" (Minot). Nevertheless with a human brain it be¬ 
comes possible to live a human life , which involves something more 
than metabolism and reproduction. This lofty goal has been gained, 
as comparative anatomy reveals, only after much evolutionary 
travail. 

The vertebrate brain is the enlarged end of the nerve cord. Like 
the cord it is a continuous tubular structure, the walls of which 
are composed of neurons that are, arranged in communicating 
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tracts and adjusting centers , supported and protected by non- 
nervous elements. 

The brain became differentiated from the cord as the result of a 
mobilization of nerve elements in the neighborhood of the impor¬ 
tant sense organs of smell, sight, hearing, and taste, which are on 
guard near the entrance of the digestive canal. Whenever these 
sense organs are reduced or absent, as in deep-sea or cave animals, 
or in sessile forms, the brain diminishes in corresponding degree. 
Although the sense organs of the head unquestionably take a prom¬ 
inent part in determining the modifications which the brain under¬ 
goes, they by no means set the limit to its differentiation, for there 
are many animals with inferior brains whose sense organs are 



Fifi. 614.— Dursnl sensory and ventral motor regions of the brain. 

(After Minot.) 


superior to those of man. It is primarily the associative centers 
that form the outstanding feature of the brain. Its general mass 
and contour, unlike that of the cord with its brachial and lumbar 
enlargements, are not solely dependent upon the area of stimulus¬ 
receiving surface involved, or the amount of glandular tissue sup¬ 
plied. 

In other words, the conspicuous enlargements that characterize 
the walls of the brain are not so much due to incoming and out¬ 
going limbs of reflex arcs that relate the animal directly to its 
environment, as to internal associative connections which, at least 
in man, enable the brain which “sits in darkness” not only to re¬ 
construct the outside world but also to preserve the accumulations 
of memory and even to provide for creative flights of imagination. 
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The primary axis or stem of the brain is directly concerned with 
peripheral nerve relations, the motor centers and pathways, both 
somatic and visceral, being located along the ventral region as in 
the cord, while the sensory and somatic neurons occupy the larger 
dorsal area (Fig. 614). Upon this primary cordlike axis of simple 
rellex-arc systems, is superimposed the relaying association centers 
of correlation and coordination, as best exemplified by the complex 



Fig. 615. —Cen¬ 
tral nervous sys¬ 
tem of arnphioxus, 
showing alternat¬ 
ing spinal nerves 
and photoreceptor 
cells, represented 
by dots, embed¬ 
ded in lhe nerve 
cord. (After Owa- 
jannikow.) 


cerebrum and cerebellum, which are once re¬ 
moved from direct sense reception and muscular 
response. Correlation centers concern the adjust¬ 
ment of incoming sensory stimuli, while coordina¬ 
tion centers regulate the outgoing motor responses. 
These superimposed centers of the brain may be 
compared to the switchboard of a telephone 
exchange, where messages are re¬ 
ceived and distributed. 


2. COMPARISON OK BRAIN 
AND CORD 

The central nervous system of 
arnphioxus is all cord and no brain 
(Fi*g. 615). The true rise of the 
vertebrate brain begins in fishes, 
where the cord still outweighs 
the brain. Among amphibians p JG The 
the brain overtakes the cord in relatively small 
bulk and weight, while in modern bruin of Bron- 

reptiles it gets the lead, which Mara™) ( After 
ever afterwards in the vertebrate 



series is maintained. The relatively modest brain of primitive 
reptiles is indicated in Figure 616. 

In mammals there is an ascending dominance of the brain over 
the cord. A cat and a macaque monkey, for example, with cords of 
the same weight (7.5 grams), have been found to have brains weigh¬ 
ing 29 and 62 grams respectively, or ratios of 1:4 and 1:8. The ratio 
in man is nearer 1:50, an average measurement being 26 grams for 
the cord as compared with 1350 grams for the brain. 

The absolute weight of the brain, it should be noted, is not in 
itself a reliable criterion of intelligence, since various factors, such 
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as age, sex, form of skull, and weight of body, as well as the com¬ 
parative size of different parts of the brain, must be taken into 
account. It is quality rather than quantity that counts. 

The average human male has a brain of about 1350 grams in 
weight, while that of the average human female, not to start an 
argument but to state a fact, is something like 100 grams less. 
Sometimes the size of a brain is determined more by the non- 
nervous neuroglia cells than by the neurons. 

Some notable deviations from the average weight of human 
brains are recorded as follows: Thackeray, the novelist, 1644; 
Cuvier, the comparative anatomist, 1830; Turgenieff, the historian, 
2012; llaeckel, the biologist, 1575; Agassiz, the zoologist, 1495; 
Schumann, the musician, 1475: Garnbetta, the statesman, 1294; 
Whitman, the poet, 1282; Ddllinger, the anatomist, 1207; and 
Anatole France, the writer, 1017. It is not the size of your wrist 
watch that is of importance, but how good time it keeps. 

The weight of the brain of a dog, gorilla, and man, having approx¬ 
imately the same weight of body, has been found to be 135, 130, and 
1350 grams respectively. 

The actual mass of the human brain is only exceeded among 
animals by that of the gigantic elephants and whales, the size of 
whose body is many times that of man. An examination of the 
cranial cavities of the great reptiles of the Mesozoic age (Fig. 616), 
reveals the fact that they had insignificant brains in proportion to 
the enormous bulk of their bodies. I ndeed it is a source of astonish¬ 
ment that these monsters of the past were able to get about with 
brains relatively so small, but it must be remembered that eventu¬ 
ally, after an evolutionary experiment of several million years, they 
did succumb. It is doubtless more than a coincidence that the 
twilight of the dinosaurs and their reptilian contemporaries fell at 
about the same time as the dawn of the mammals who were at 
first comparatively insignificant in size, but who had a new and 
revolutionary ratio established between weight of brain and weight 
of body. 


3. DIFFERENTIATION OF THE BRAIN 

The transforming embryonic brain is a key to the adult structure. 
The modification of the simple tubular brain into the exceedingly 
complex structure found in man is brought about through the 
following phases of growth: (a) constriction; (b) unequal thick- 
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enings of the walls; (e) invagination and evagination; and (d) 
bending. 

(a) Constriction. —The original, somewhat inflated anterior re¬ 
gion of the cord, which is formed upon the closure of the medullary 
groove, is called the encephalon (Fig. 617, A). 

Very early in embryonic life (the third week in man), the en¬ 
cephalon becomes marked off into three regions by two constric¬ 
tions (Fig. 617, 13). These primitive regions are designated as the 
prosencephalon , mesencephalon , 
and rhombencephalon , the lat¬ 
ter so called because of the 
kite-shaped appearance of the 
ventricle, or cavity, showing 
here, due to the widening of 
the medullary tube in this 
region. 

A little later (the fourth 
week in man), the prosen¬ 
cephalon becomes further 
constricted into two sub- 
regions, the telencephalon and 

the diencephalon (Fig. 617, C). 
rni . ; - , 1#1 Fio.oD.—Diagrams of the encephalon 

Hie rhombencephalon likewise an( { evolution. A, primitive enceph- 
(about the fifth week in man) alon; B, division into prosencephalon, 

is subdivided into a melen- >"<™-nooph«l<„, and rhonib.-noephaloii; 

. 7 . 7 . 7 G unci D, further division into the live 

cephulon and a myelencephalon , r( ^ iolls of lho brain . (After Houle.) 

the mesencephalon remaining 

unconstricted as it was before. The brain is now marked off into 
five definite areas (Fig. 617, D), arranged in order from anterior 
to posterior as follows: telencephalon, diencephalon, mesencepha¬ 
lon, metencephalon, and myelencephalon. 

Certain of these primary regions of the brain are destined to take 
on special importance, because of the sense organs with which they 
are intimately connected. The telencephalon may be regarded as 
the “nose brain/’ the mesencephalon as the “eye brain,” and the 
myelencephalon as the “ear brain,” with the additional assignment 
to the latter of “skin brain” and “visceral brain.” 

Cyclostomes throughout life remain with the brain constricted 
into only three regions, but from fishes onward the five fundamental 
parts of the brain are clearly represented. 
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(6) Unequal Thickening of the Walls of the Brain .—The walls of 
the primitive encephalon are at first of approximately equal thick¬ 
ness, but as neurons develop and collect into centers and transmis¬ 
sion tracts, the disposition of these collections of nerve elements 
brings about decided contrasts in the thickness of the walls of the 
brain in different places (Fig. 618). 

Beginning at the posterior end, the variations are quite pro¬ 
nounced in the myelencephalon . The dorsal wall, velum , retains its 
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Fig. 618.—Sagittal diagrams through a vertebrate brain, showing the five 
general regions and the variations in thickness of the brain wall. (After Biit- 
schli.) 

embryonic thinness, while the sides and ventral regions, constitut¬ 
ing the medulla , become quite thick on account of forming the main 
highway of fiber tracts between the cord and the anterior part of 
the brain, as well as being the center of origin for most of the cranial 
nerves and headquarters for numerous reflexes. 

In the metencephalon , the continuous thin dorsal wall of the 
myelencephalon suddenly becomes excessively thickened in the 
higher vertebrates to form the cerebellum , which is humped up on 
the main axis of the brain stem. The lateral parts of the meten¬ 
cephalon are largely the paired peduncles , posterior , median , and 
superior , which are like three pairs of legs for the cerebellum to 
stand upon, and are mostly composed of fiber tracts. The median 
peduncles are continuous with each other around the ventral side 
of the metencephalon, forming the pons, that resembles the band 
of a seal ring, with the cerebellum represent ing the seal. 

The mesencephalon thickens to a lesser degree, both dorsally and 
ventrally, yet, presents notable enlargements, particularly in the 
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lower vertebrates, for which it stands as the most important center 
of the entire brain. The dorsal part is thrown up into two eleva¬ 
tions, the optic lobes, while the ventral and lateral regions form the 
crura cerebri , which are important fiber tracts of communication 
between the cord and the anterior centers of the brain. A secondary 
constriction, originating as far down as reptiles and birds, definitely 
divides the optic lobes in mammals into two pairs of dorsal eleva¬ 
tions, the corpora quadrigemina , the posterior pair becoming the 
centers of hearing, while the optic centers are now confined to the 
anterior pair. It will be seen that later the major centers of hearing 
and sight are transferred to areas located more anteriorly in the 
cerebral cortex of the telencephalon. 

The roof of the diencephalon , which remains thin and non- 
nervous, is the locus of various problematical structures to be 
further described later. The thick sides of the diencephalon, known 
as the thalarni, continue forward to form a bridge of great im¬ 
portance made up of fiber tracts, and also to provide room for 
certain relay centers, while the lloor of the diencephalon, which 
like the roof is also thin and unprovided with centers and tracts, 
is pushed down to form a pocket-like depression, called the 
infundibulum. During embryonic stages the lateral walls of the 
infundibulum push out to form the optic stalks, later invaded by 
the large oplic nerves that connect with the eyes. 

The telencephalon is the crowning hope of the evolving brain. It 
extends out from the antero-lateral region of the diencephalon as 
a paired structure, the cerebrum , the w alls of which take on enor¬ 
mous enlargement, thickening so much that in mammals the cere¬ 
bral lobes eventually overshadow and entirely cover up both the 
diencephalon and the mesencephalon, concealing them from dorsal 
\iew. The ventral and lateral fiber tracts of the telencephalon, the 
corpora striata , are also massive, forming a thick brain wall. 

(c) Invaginations and Evaginations. —There are two places where 
the brain wall is pushed in or invaginated, namely, in the region of 
the tliin roofs of the myelencephalon and of the diencephalon. Over 
the outside of these thinnest places in the walls of the brain extends 
a network of capillaries in the pia mater that intimately envelops 
the brain. These capillary nets are the chorioid plexuses, which by 
invagination are pushed down into the cavities of the brain below, 
carrying the thin wall with them. They provide a blood supply for 
the inside of the brain. 
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In the thin walls of the diencephalon there also occur various 
emginations. On the dorsal side in certain vertebrates behind the 
invaginated chorioid plexus are two finger-like outpushings of the 
wall, one behind the other. The anterior of these evaginations, 
near the junction of the cerebral lobes and the diencephalon, is the 





Fig. 619.- Stages in the process of making the brain more compact. 

(After Honviere.) 


parietal organ , which is particularly developed in certain reptiles, 
while the posterior projection, the epiphysis, or pineal “gland” 
appears in some stage of degeneration or elaboration in practically 
all vertebrates. 


.parwttf 



A ventral median evagination of the floor of the diencephalon, 
the infundibulum, has already been mentioned. It joins a glandular 
upgrowth from the roof of the mouth to form the hypophysis, 

which, like the pineal body, has been briefly 
considered in Chapter XVI as a gland of inter¬ 
nal secretion. 

The optic stalks extending out from the sides 
of the diencephalon in early embryonic life are 
Fig. 620 .—Dia- also evaginations. 
gram showing the (</) Bendings. —In cyclostomes and other 

flexures of the brain. , . 

lower vertebrates the parts ot the brain re¬ 
tain their primitive tandem arrangement, but with the onrush 
of growth and the ultimate confining limits of the skull, it be¬ 
comes necessary for the brain stem to bend and fold to accom¬ 
modate itself to more compact rpiarters (Fig. 619). The bends, 
or flexures, of the brain are typically three: (1) the parietal flexure 
in the region of the mesencephalon; (2) the cervical flexure near the 
junction of the medulla and the cord, and (3) the pontine flexure 
between these two. The first two flexures bend dorsally or putward, 
while the third bends in the opposite direction, thus tending to 
kink the brain stem together like a compressed accordion (Fig. 620). 
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4. VENTRICLES 
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■” cup 
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There is a cavity, the central canal , within the cord, which re¬ 
mains very small and is approximately uniform in size throughout 
its length. It is the result of invagination and growth and is not of 
particular biological significance. Continuous with the central 
canal, and like it tilled with cerebro-spinal fluid, are the cavities or 
ventricles of the brain (Fig. 621 ). These are 
chambers of unequal dimensions, and are 
frequently encroached upon but never en¬ 
tirely obliterated by the thickening walls of J 
the brain itself. 

The most posterior chamber, the niyocoele , 
located in the myelencephalon, is enlarged 
into a widened space covered over by the 
thin velum or dorsal wall. In ordinary 
dissection the velum is frequently torn 
away, exposing the myelocoele as a triangular 
trough on the dorsal side of the medulla. 

The metacoele, or the cavit y of the rneten- 

cephalon, is very much compressed and 

nearly obliterated by the upward thrust of 

the cerebellum, nevertheless it represents a 

continuous passage-way from the myelocoele 

behind to the mesocoele , or the cavity inside , . 

. « rp ,-t ,i grain to show the cavi- 

tlie mesencephalon, m iront. I ogetiier the tics of the brain. 

myelocoele and the metacoele are designated 

in human anatomy as the fourth ventricle , and the mesocoele 
as the aqueduct of Sylvius , which in turn leads into the third 
ventricle (the diocoele of comparative anatomy) within the dien¬ 
cephalon. 

The true anterior end of t he cavities of the brain is set by the 
lamina terminal is , or anterior wall of the diencephalon. The paired 
telencephalon, however, extends forward laterally from this region 
to form the two large cerebral lobes, which are hollow . The cavities 
within the cerebral lobes are called telocoeles , or [he first and second 
ventricles. They communicate on either side with the diocoele 
through narrow passage-ways named the foramina of Monro in 
honor of three generations of Scottish surgeons, father, son, and 
grandson, who together made the notable record of holding with 


-myelocoele 

ear , 
vt&icle 


...cord 
F ig. 621. —Frontal dia- 
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distinction the chair of Anatomy in the famous University of 
Edinburgh for 126 consecutive years from 1720 to 1846. 

The anterior chorioid plexus invades the diocoele and may even 
extend through the foramina of Monro oil either side into the 
telocoeles, where it brings a blood supply to the inner recesses of 
the cerebrum. 

In order to determine something of the contributions which each 
of the five general regions of the brain makes to the structure as a 
whole, a more detailed consideration of them follows. 

5- REGIONS OF TI1E BRAIN 

Myelencephalon .—In one sense this is the most important region 
of the brain because in it are located the nerve centers which control 
the indispensable functions necessary to life, such as breathing, 
heart beat, and the regulation of metabolism. 

The dividing point between the myelencephalon and the cord is 
an arbitrary one. It may be stated in this way. The cord is that 
part of the continuous central nervous system that does not pass 
through the gateway of the foramen magnum , while the myelen¬ 
cephalon is the part that lias found sanctuary within the cranium. 
It is to be expected that much similarity between these two parts of 
the central nervous system will be encountered. The («erman name, 
“das verlangerte Mark” (the elongated cord) is an excellent de¬ 
scriptive term for the medulla , which makes up the bulk of the 
myelencephalon. 

No vertebrate is without a medulla, although the cerebellum 
may be practically wanting, as in hagfishes. Even the cerebrum, so 
dominant in mammals, may be relegated to an insignificant role or 
dispensed with almost entirely. 

The sides of the medulla, which are made up of gray matter de¬ 
rived from a continuation of the alar and basal regions of the cord, 
are further differentiated primarily, as in those areas, into the 
ependymal lining around the myelocoele, a middle zone of neurons, 
and an outer liber-tract region. Both the floor and roof of the 
myelencephalon, however, become considerably modified from the 
indifferent condition typical of the cord. By reason of the forma¬ 
tion of the ponline flexure and the consequent lateral bulging of the 
alar region, the thin roof becomes stretched out, particularly in the 
anterior region, into the broad non-nervous velum interpositurn* 
The median floor, which also was originally non-nervous, is so 
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much encroached upon from either side by the neurons of the basal 
region, that the thick lateral walls become virtually a continuous 
mass of tissue at the ventral line of union (Fig. 622). 

Further differentiation of the myelencephalon is marked by the 
presence of centers or headquarters for several of the cranial 
nerves (V-Xll) that control the reflex activities of the tongue, 
pharynx, larynx, and in part of the lungs and viscera. Such centers, 
or aggregations of neurons within the cord or brain, are called 
nuclei , but when outside the central nervous system, ganglia. The 
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Fig. 622.—Diagrams of tlio dilfcrenl types of neurons that form the columns 

of gray matter in the medulla. (After Hanson.) 


term “nucleus'’ in this connection is unfortunate, since the same 
word is used universally to indicate a well-known part of every cell, 
which connotes quite a different idea. 

The definite inside-outside arrangement of gray and white mat¬ 
ter, characteristic of the cord, is not as evident in the medulla, 
owing to the presence of so many nuclei, and of white fiber tracts 
that tend to decussate, or cross over to the opposite side. 

On the central aspect of the medulla are two longitudinal swell¬ 
ings, the pyramids , lying side by side and separated from each 
other by a continuation of the ventral fissure of the cord. They are 
composed largely of the pyramidal cortico-spinal fiber tracts that 
extend from the gray matter of the cerebrum down to the cord. In 
the posterior region of the pyramids the larger part of these fibers 
cross over to the opposite side to become the crossed cortico-spinal 
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tracts (Fig. 623), interrupting the ventral fissure to form the 
decussation of the pyramids peculiar to mammals (Fig. 623). The 
reason for the decussation of nerve libers is no more definitely 
known than the reason why a hen invariably crosses the road to 
the opposite side in front of an automobile. 

Uncrossed fibers remain on the side of their origin and become 
continuations of the anterior pyramidal corticospinal tracts of the 
cord. 

The lateral areas of tlie medulla that lie between the dorsal and 
ventral roots of the spinal nerves are extensions of corresponding 

areas of l he cord which 
contain the cerebellar 
tracts, both lateral and 
anterior. 

On either side of 
the pyramids in mam¬ 
mals olivary bodies are 
formed that appear as 
oval swellings (Fig. 
623), since within 
them the inferior oli¬ 
vary nuclei are embed¬ 
ded, together with 
fibers that had in op¬ 
posite directions, first 
from the cerebellum to 
the cord, and secondly, 
connecting the cord 
with the thalamus, 
which is located in a 
more anterior part of 
the brain. The olivary nuclei have to do with the coordination of 
theequilibratory stimuli of touch, gravity, and muscle sense which 
enable an animal to keep its balance. 

Deiters nucleus is also located on either side in the medulla. It 
correlates st imuli coming from the eyes and semicircular canals of 
the ears, and regulates movements of the eyeballs and of the neck 
muscles, thus controlling the position in which the head is held. 

The dorsal columns of the medulla spread apart and rotate out¬ 
ward into a somewhat lateral position, as a result of the bending of 


Tfeduncle.. 


Pons- - 



Olivary bodi^— 
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Fig. 623. -Ventral \ievv of the brain stem, showing 
the exit of the cranial nerves. (After Ring.) 
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the brain stem to make the pontine flexure. They harbor two pairs 
of prominent nuclei, the nucleus gracilis and the nucleus cuneatus , 
which relay to the more anterior parts of the brain sensations 
arriving tlirough the columns of Coll and of Burdach respectively. 
The fibers that perform this transmission terminate in (he thalamus 
of the diencephalon, crossing over in the medulla at a point anterior 
to the motor decussation of 
the pyramids to form a second 
decussation, the sensory de¬ 
cussation of lhe lemniscus. 

Other nuclei are also present 
in the medulla. 

The velum , composed pri¬ 
marily of the layer of epen¬ 
dymal cells that surrounds 
the cavity of the brain, 
serves as a secretory appa¬ 
ratus for the production of 
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Fin. 624.—Diagram of the cerebellum, 
the cerebro-spilial fluid which A , crocodile; It, bird; C, mammal. An- 

tills the cavities of the brain, h'rior lobe, vertical lines; median lobe, 
, . _ . . , dots; posterior lobe, horizontal lines, 

aiul m its anterior part also (From RanMJn> afllT lu . uiir .) 

forms the posterior chorioid 

plexus. The non-vascular half of the velum, posterior to the 
plexus, and called the me la tela, furnishes the roof over the tri¬ 
angular myelococle. 

Metencephulon. —The stem of the brain is continued forward 
from the medulla through the metencephalon, the outstanding 
feature of which is the cerebellum. This has been called the 
“gyroscope of the body,” because it is the center of unconscious 
muscular coordination and equilibration. It is small or absent in 
cyclostomes and insignificant in dipnoans, amphibians, and the 
ancestral lizard, Sphenodon. In other words, it is poorly developed 
in creeping, short-legged, and mud-dwelling vertebrates whose 
movements are awkward and not well correlated. Although the 
size of the cerebellum is in no way correlated with intelligence, it is 
larger in strong animals, runners, and fliers, that are not confined 
to the ground. It reaches its best expression in the agile monkeys 
and in upright balancing man. 

The cerebellum arises from the alar part of the brain stem, first 
becoming established as a transverse lip at the anterior margin of 
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Fig. 625.-—Sag¬ 
ittal diagram 
through the cere¬ 
bellum and pons, 
showing the white 
matter arranged 
as the “arbor vi¬ 
tae.” (After Ran- 
son.) 


the myelocoele. In cyclostomes and amphibians it remains in the 
dorsal-lip stage of development throughout life. To the primitive 

median cerebellum of the lower vertebrates, 
however, there are eventually added in mammals 
lateral elements of considerable size, called 
hemispheres and Jlocculi. These notably increase 
the correlation tissue and conduction tracts com¬ 
posing the cerebellum (Fig. 624). The original 
median part of the cerebellum becomes indented 
by transverse furrows so that finally it some¬ 
what resembles an annelid worm, and conse¬ 
quently is referred to as the vermis. 

Beginning with the reptiles both the median 
vermis and the enlarged lateral hemispheres are 
further divided by deeper furrows into three 
lobes, anterior , middle , and posteriory a modifica¬ 
tion which increases the external surface of the 
structure still more without appreciable en¬ 
largement of its total size. 

In birds lateral auricular extensions, homologous with the floc- 
culi of the mammalian cerebellum, become established. 

Upon sectioning, the hemispheres of the cerebellum show a con¬ 
spicuous treelike arrangement of white 
fibers (the ‘‘arbor vitae" of old anato¬ 
mists), surrounded by gray matter (Fig. 

625). A thin inside layer of gray matter 
also separates the white libers from the 
central canal. 

The outside gray matter is stratified 
into three layers, distinguishable because 
of the differing character of their com¬ 
ponent cells. Between the outermost, or 
molecular , layer and the innermost, or 
granular , layer is inserted a layer of so- 
called Purkinje cells , running in convo¬ 
lutions parallel to the surface. They are of adult human cerebellum, 
large elaborate cells with many branching preparation.) (After 

dendrites (Fig. 626) and have been en- ** amon ? 
thusiastically designated as the most beautiful cells of the entire 
ly. Their parallel rieiirites all extend inward through the gran- 
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collateral 


Fig. 626. —Purkinje cell 
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ular layer of small multipolar neurons and white substance of the 
arbor vitae to the dentate nuclei located in the layer of gray that 
borders upon the central canal. 

The Purkinje cells are of particular physiological interest on 
account of the part they are supposed to play in the coordination 
of the muscles in maintaining the equilibrium of the body. 

The fibers composing the arbor vitae enter and leave the cerebel¬ 
lum for the most part by way of three pairs of legs, or peduncles , 
which support the structure as if it were buckled up upon the 
brain stem (Fig. 627). The posterior ( inferior ), peduncles , also 
known as the restiform bodies , carry fibers that connect the cord 
and medulla with the outer cortical layers 
of the cerebellum. 

As already described, the median pe¬ 
duncles , particularly in mammals, carry 
transverse fibers that pass both ways 
around the ventral surface of the brain 
stem to and from the cerebellum to form 
the pons. These are the largest of the 
three pairs of peduncles in man. 

The anterior (superior) peduncles con¬ 
tain fibers which emerge from or enter 
into the dentat e nuclei‘of the cerebellum, 
whence they connect, after decussation, 
with the red nuclei of the opposite side in the mesencephalon. Red 
nuclei are so called because of their vascular composition. 

Mesencephalon. —The mesencephalon is the most conservative 
of any region of the brain, undergoing the least phylogenetic modi¬ 
fication. It possibly represents a former pioneer outpost of the 
brain, since originally it marked the termination of the primitive 
neural tube with the notochord ending directly beneath it. In lower 
vertebrates, particularly teleost fishes (Fig. 628), where the an¬ 
terior part of the brain is still of relatively insignificant propor¬ 
tions, the mesencephalon becomes the main headquarters of the 
nervous system. 

Notwithstanding an apparent lack of elaboration, its essential 
importance throughout the vertebrate series is maintained, for it 
always remains the unbroken highway of the fiber tracts, crura 
cerebri , which connect the cord with the anterior cerebral region. 
In addition it is also the location of the nuclei of origin for the 



Fig. 627.— Schematic 
representation of the meU 
encophalon. s, superior 
peduncle; in, median pe¬ 
duncle; i, inferior pedun¬ 
cle. (After Pier sol.) 
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third and fourth cranial nerves that activate the muscles of the 
eyeballs, and for certain other nuclei, like the red nuclei already 
mentioned, in which libers are relayed to and from the cerebellum. 
On the dorsal side of the mesencephalon in the lower vertebrates, 

the prominent pair of oplic 
lobes (or corpora hi geniina) are 
present not only as centers of 
sight but also of other re¬ 
flexes. In mammals where 
the subdivision of the optic 
lobes into corpora quadrigem- 
ina occurs, the posterior ( in¬ 
ferior ) [Hiir of dorsal, elevations 
that make up the corpora 
quadrigemina become con¬ 
cerned with hearing, while 
the sight centers are confined 
to the larger anterior (supe¬ 
rior) pair (Fig. 628, 0). As 
will be seen later these two 
functions of sight and hear¬ 
ing arc* relayed to secondary 
centers in the cortex of the 
cerebrum. 

Diencephalon . The dien- 
cephalon. which has many 
modifications in the different 
vertebrate classes, is placed 
somewhat diagonally between 
the telencephalon, which is 
anterior and superior to it, 
and the corpora quadrigern- 
ina and crura cerebri of the 
mesencephalon, which limit 
it posteriorly and interiorly. 
In cross section four general regions are distinguishable: (1) a 
thin non-nervous dorsal roof-plate , or velum inle.rpositum; (2) a 
transitional region, the epithalamus , connecting the roof-plate 
with the thicker side walls; (3) the thalamus , homologous with 
the alar plate of the cord and marked off by the sulcus lirni - 



Fio. 62tt.—Arrangement of the fiber 
tracts from the mid brain lo the cerebrum. 
The neurons are overemphasized. A, 
fish; B, reptile; C, mammal. 1, telenceph¬ 
alon; 2, dieneephalon; 3, mesencephalon; 
4. meteneephalon; 5, m>eleiicephulon; (>, 
eyeball. (After Monakow.) 
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tans from (4) the hypothalamus , or the basal-plate region below 
(Fig. 629). 

The velum interpositum becomes overspread by a capillary net¬ 
work which forms the anterior chorioid plexus that pushes down 
into the diocoele and even invades the tclocoele through the fo¬ 
ramina of Monro. Tt is the larger of the two chorioid plexuses that 
nourish the inside of the brain, the other being the posterior chor¬ 
ioid plexus located in the myelencephalon. 

In the epithalamus , at the margin of the roof-plate where it joins 
the thalamus below, is a thickened ridge giving rise to the parietal 
evagination and to the rudimentary, or degenerate, epiphysis , al¬ 
ready considered in Chapter XVI in 
connection with the ductless glands. 

At the epithalmic level also on 
either side there is present in all 
vertebrates a paired olfactory cent er, 
the habenula , located in front of the 
epiphysis and connected together 
by the habenular commissure. 

The alar plates become the optic 
thalami , large lateral oblong masses 
connected with the corpora striata 
of the telencephalon and continuous posteriorly with the crura 
cerebri of the mesencephalon. 

In reptiles the walls of the thalamus may become so thickened 
that the two sides fill the diocoele until they meet and form the 
commissuru mollis. 

In the posterior region of the thalamus are the pulrinar and 
lateral geniculate bodies , centers which have to do with relaying 
visual impressions to the cerebral cortex. The greater part of the 
optical fibers from the eye to the brain in higher vertebrates end in 
the thalamus instead of extending back as far as the corpora 
(juadrigemina of the mesencephalon (Fig. 628, C). Optical stimuli 
and also all other nervous impulses that reach the cortical centra of 
the cerebrum, with the exception of olfactory sensations which 
have a way of their own independent of l he cord, must pass through 
the thalamus. 

The basal plate of the diencephalon on either side becomes the 
hypothalamus from which is developed the posterior lobe of the 
hypophysis (see Chapter XVI), and two olfactory centers, the 
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Fig. 629. — Cross section 
through the dienrephalon of a 
human embryo, 14 mm. in length. 
(From Arey, after His.) 
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median tuber cinereum , and the lateral mammillary bodies, on either 
side behind it (Fig. 630). 

The infundibulum extends down towards the hypophysis 
(Fig. 631), as a continuation of the tuber cinereum immediately 
behind the optic chiasma, or the crossing of the optic nerves. 

Between the mammillary bodies a vascular structure is inserted, 
called the saccus vasculosus , a particularly large structure in fishes 
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Fig. 630.—Basal aspect of human brain. (After Piersol.) 


cerebellum^ - ' 


although degenerate in mammals, which pushes into the infundibu¬ 
lum, carrying the epithelial layer of the brain wall with it. 

The floor of the diencephalon in fishes is strongly developed in 
the form of the inferior lobes , structures that probably compensate 
in some degree for the imperfectly developed cerebral lobes in these 
forms. 

The diocoele, or third ventricle, it will be recalled, is the deep 
narrow cavity in the diencephalon between the walls formed by the 
thalami. This becomes shallower behind, while in front it is 
bounded by the optic chiasma and the lamina terminalis , the latter 
marking the true anterior end of the brain in the median line from 
which the cerebral hemispheres, budding out on either side, extend 
forward laterally and secondarily. 

Telencephalon .—The true median anterior end of the brain, as 
has just been said, is the lamina terminalis, or transverse wall, that 
marks the limits of the diocoele. From the lateral alar region on 
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either side of this terminus there grow out, extending both forward 
and backward, the cerebral hemispheres , which assume increasing 
importance throughout the vertebrate series, until in man they 
overshadow in size, complexity, and function all other parts of the 
brain. 

In fishes cerebral development is hardly more than a prophecy 
of what is to come. Even in amphibians the cerebrum is connected 
by communicating fibers only as far back as the diencephalon. 
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Fig. 631.—Longitudinal section through the diencephalon 

( A fter Villiger-Piersol.) 


This backward connection is extended to the mesencephalon in 
reptiles and birds, while in mammals it reaches the cord, finally 
dominating the entire nervous system. The dominance of the cere¬ 
brum, accordingly, takes place gradually and may be said to be 
acquired somewhat at the cost of posterior parts of the brain. 

The floor of the telencephalon consists largely of the corpus 
striatum , situated directly in front of, and continuous with, the 
thalamus, while the roof and sides form the pallium , which in lower 
vertebrates is a thin, noil-nervous wall, inclosing the telocoeles, and 
becoming the substrate upon which the enormous cerebral cortex 
of higher vertebrates develops. 

The corpus striatum receives its name from the fact that it con¬ 
sists of gray nuclear masses “striated,” or interspersed, with sheets 
of white medullated libers, which form the conduction highway to 
and from the cortex. Where the cortex is poorly developed, as in 




706 


BIOLOGY OF THE VERTEBRATES 


reptiles and birds, the corpus striatum becomes an important reflex 
center in which correlation and coordination are effected. In teleost 
fishes and amphibians that have either no cortex or only one in the 
making, the integrating center is situated farther back in the optic 
lobes of the mesencephalon. Thus what may be regarded as the 
capitol of the Brain State has shifted its location during evolution. 
A section through the telencephalon of a teleost shows clearly the 
dominance of the corpus striatum over the pallium at this stage 
of evolution. 


The gray matter of the corpus striatum in mammals takes the 
form of two central masses, the caudate and lentiforrn nuclei , which 
are relay stations between the thalamus in the diencephalon and 
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Fig. 632. ■ Dorsal \ iew of brain of dogfish, lance, as l he head was lilted 
Galeus cun is, showing Nervus terrninalis. () (f i| )n ground, making it 

(After Lot y.) possible to sweep the hori¬ 

zon by means of elevated eyes rather than to learn the world by 
finding the way about by smell. 

The original olfactory part of the pallium is termed the ar chi pal¬ 
lium, while that region forming the lateral and posterior areas is 
termed the neopallium, because of its more recent phylogenetic 


appearance. 

The neopallium becomes overlaid by the rapidly enlarging 
cerebral cortex , which eventually crowds t he archipallium down into 
an antero-ventral position. Among mammals the archipallium 
reaches its greatest elaboration in the lowly marsupials, while the 



THE DOMINATING FACTOR 


707 


dominant neopallium finally comes into its own in man. As would 
be expected, the archipallium is large and conspicuous in keen¬ 
smelling mammals, and it ia-quito absent in ocean-going dolphins 
that have entirely lost the machinery for detecting odors. 

The archipallium includes in some forms not only the two olfac¬ 
tory lobes of Hie telencephalon but also, extending from the two 
lobes as parts of the brain itself, two olfactory si a Iks terminating in 
olfactory bulbs (Fig. 632). The bulbs in these cases fit against the 
iloor of the nasal pits in which the sense organs of smell are located. 
The conducting olfactory nerve's from the receptors in the nasal 
pits consequently have a very short course to go in order to trans¬ 


mit stimuli to the brain. 

Three pairs of prominent nuclei in the olfactory area, lateral , 
medial , and intermedia /, relay the sensations received by the sense 
organs back to the mammillary bodies of the hypothalamus, and 
to the epithalamus in the dieneephalon, whence by another synapse 
(hey reach the crura cerebri of the mesencephalon and more pos¬ 
terior parts of the brain. 

Telocoeles, forming t he brain cavities of the cerebral lobes, may 
even extend into the olfactory lobes, where they are properly called 
rhinoeoeles . 

The ncopulliwn , or non-olfactory part of the pallium, as already 
mentioned, becomes invaded and overspread by countless neurons, 
forming the gray cortex, which in mammals is the main center of 
correlation of the whole nervous system. The thickness of llie 

1/ 

cortex is largely due, however, to white libers immediately beneath 
the outside gray layer, which form an intramural network of great 
complexity, connecting different regions of the cortical area in the 
form of a unifying and integrating system of supreme importance. 

The brain not only receives impressions through the sense organs 
but it also records them by means of the mechanism furnished bv 
the cortex for storing impressions that may be later revived by 
memory. As lias been aptly said: “When we wake in the morning 
the sheet of gray cortex on the brain becomes the screen on which is 
lit up the cinema of the outside world” (Keith), it has been esti¬ 
mated that the cortical libers of a single human brain if placed end 
to end would reach a distance equal to that from New York to 
Paris, a fanciful and incomprehensible guess that probably falls 
short of the truth. 

In fishes and amphibians the gray matter of both ihe brain and 
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the cord is arranged primarily next to the ependymal lining inside 
the ventricles, with the white conduction tracts outside. A second 
zone of gray matter nearer the surface and considerably removed 
from the cavities of the brain begins to develop in reptiles and birds, 
until finally in mammals this outer zone becomes the gray cortex, 
or “bark,” which covers both the cerebellum and the cerebrum and 
forms the material basis of the intellectual life. 

The billions of cells composing the gray cortex of a single hu¬ 
man brain all together represent a mass of less than a cubic inch 
of material that weighs only about thirteen grams, or approxi-* 
mately one live-thousandth of the total body weight. The value 
of this precious cubic inch of tissue is summed up by Parker * in 
the following words: 

“When it is recalled that the 92,200,000,000 cells in the human 
cerebral cortex are the nervous elements of this organ and that they 
collectively constitute rather less than a cubic inch of protoplasm, 
it seems almost incredible that they should serve us'as they do. 
They are the materials whose activities represent all human men¬ 
tal states, sensations, memories, volitions, emotions, affections, the 
highest flights of poetry, the most profound thoughts of philoso¬ 
phy, the most far-reaching theories of science, and, when their ac¬ 
tion goes astray, the ravings of insanity, ft is this small amount of 
protoplasm in each of us that our whole educational system is con¬ 
cerned with training and that serves us through a lifetime in the 
growth of personality.” 

The two hemispheres of the cerebrum, like the kernels in a wal¬ 
nut, are connected with each other by commissures. Of these the 
anterior commissure , which is present in all vertebrates, crosses 
from one side to the other in the lamina terminalis, while the smaller 
hippocampal commissure is more posterior and ventral in position. 
When the halves of the brain are severed sagittally (Fig. 633), a 
flattened arch, dorsal and posterior in position, can be seen between 
the two hemispheres. This is the corpus callosum, which is made up 
of white fibers. The anterior and hippocampal commissures connect 
the archipallial areas of the cerebral hemispheres, while the corpus 
callosum unites their non-olfactory neopallial regions. 

Along the boundaries between the thalamus and the cerebrum, 
the curved margins of the hemispheres become thickened into a 
white band of medullary fibers called the fornix, between which and 

* Evolution of Man , p. 94, Yale University Press. 
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the corpus callosum is the septum pellucidum. This is no more than 
a thin partition separating the two lateral telocoeles and enclosing 

Corpus callosum , Fornix 
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Fin. 633.—Median section through the* human brain. (After Piersol.) 

between its double walls a space called the “fifth ventricle/’ which 
is not in communication with the rest of the ventricular cavities of 
the brain, being quite independent of them. 

in many mammals, particularly the larger ones, the cortical 
surface of the cerebral hemispheres is further increased by the 
formation of folds or convolutions, not found in monotremes, 
marsupials, insectivores, bats, and most rodents. The miniature 
mountain chains thus formed are called gyri, and the valleys be¬ 
tween them, sulci (Fig. 631), 

while particularly deep sulci ^ _ __ 

are designated as fissures . f Murf A 

To the unscientific eye a l*/ \ \ ^ Nk 

convoluted cerebrum pre- I / V K V' 

sents an appearance sug- * ^ _ 

gestive of a plateful of 
cooked macaroni. Mam¬ 
mals with convoluted brains Fic - 631. Three landmark fissures of the 

• . j , . human cerebrum, 

nave the gyri and sulci 

already marked out at birth. Quite contrary to prevalent opinion, 
their elaboration is not so much an index of intelligence as are the 
subcortical white fibers beneath, which make possible the innumer¬ 
able conditioned reflexes that transform the cerebrum into an 
effective organ of integration. “The attempt to make a great 
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deal of this feature yields but little comfortas Stiles says, 
“since the sheep and cow have deeply furrowed cortical surfaces, 
while some apes, with much more intelligence, have nearly smooth 
brains.” 

Nevertheless the fissures do serve as boundary lines for certain 
regions into which the cerebrum may be parceled out topographi¬ 
cally for convenience in localization and description. Such, for 
example, are the frontal , parietal , occipital , and temporal lobes , 

corresponding roughly to the cra¬ 
nial bones that cover them, be¬ 
sides the antero-ventral olfactory 
lobes already mentioned. In ad¬ 
dition to these lobes, which are 
all visible externally, there is on 
either side at the bottom of the 
deep Jissurc of Sylvius an impor¬ 
tant central lobe , called the Island 
of Beil , once a region on the sur¬ 
face of the cerebrum that later 
became overgrown by neighbor¬ 
ing parts, like an upholsterer’s 
button drawn down into and 
partially covered by the surround¬ 
ing cloth (Fig. 635, shown heavily 
shaded). 

6. CEREBRAL LOCALIZATION 

A century ago two anatomists, 
Goll and Spurzeim, attempted to 
associate certain human “facul¬ 
ties” with definite areas in the 
cortex. What began on their 
part as a legitimate scientific in¬ 
quiry and experiment, soon developed into the quagmire of phre¬ 
nology. This pseudo-science gained great temporary vogue in the 
hands of clever charlatans who knew very little about the brain. 
Trading upon the ignorance of the general populace, wandering 
“Professors of Phrenology,” by skillful guesswork and owlish digi- 
tation of “bumps” on the cranium, covered up their lack of real 
knowledge of cerebral localization and were usually able to satisfy 


1 



Fig. 635. — Horizontal suction 
through the hemispheres of the cere¬ 
brum. 1, 2, longitudinal fissures, the 
former between the frontal lobes, the 
latter between the occipital lobes; 3, 
anterior part of the corpus callosum; 
4, the fissure of Sylvius; 5, Island of 
Reil; 6, caudate nucleus of corpus 
striatum; 7, lend form nucleus of same: 
8, optic thalamus. (From Dearborn, 
after Dalton.) 
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their credulous patrons as to the great hidden capacities of any 
particular brain. Thus “mute inglorious Miltons” and unrecog¬ 
nized rural Napoleons were discovered everywhere at fifty cents a 
head! Today the discredited phrenologist properly belongs with 
the witch doctor, palm reader, clairvoyant, fortune teller, and 
astrologer, although it must be admitted that many of his blood 
relatives, who would seek a short cut to the truth that may only 
be gained by slow and pa- _ 


Trunk / y ' 

lient travel over a long 

road, are still abroad and ~ 

active in many guises. / \ \ 

Modern science does not f / \ \ 

recognize the brain as a \ ) _ J , \ 

phrenological cabinet of y ^^ ^ ^ ^ ] 

pigeon-holes marked by \ ^ ^ ^ / 

bumps on the skull, in 

which isolated “faculties,” Fhj. 636.—Cerebral localization, showing 
such as generosity, secre- “ of tho molor ,:cnt,,r - (Mler 

hveness , aniat iveness , philo¬ 
progenitiveness, and the like are separately stored away, but rather 
as a vast clearing-house of reflex arcs, not fundamentally dif¬ 
ferent except, in complexity from other reflex arcs of the nervous 
apparatus. 

There is, however, a discoverable localization of certain dif¬ 
ferent functional centers in the cortex. This fact has been abun¬ 


/ ArmS 
Aire / ' 


dantly demonstrated beyond all doubt, both clinically and experi¬ 
mentally, as well as pathologically, by the examination of brain 
lesions and defects in autopsies following various types of local 
paralysis. 

One of the earliest proofs of lhe cortical localization of a specific 
motor center was furnished during the Franco-Prussian War in 
1870, when two surgeons, Fritsch and Ilitzig, operating upon a 
wounded soldier, accidentally demonstrated a definitely located 
muscular response when a certain area of the exposed cerebrum 
was subjected to slight galvanic stimulation. 

The map of the brain shown in Figure 636 combines some of the 
discoveries subsequently made of scientific cortical localization, 
as contrasted with the fanciful unscientific localization of human 
attributes upon which phrenology was based. It will be noted that 
the centers there shown do not represent mental or psychological 
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characteristics, but instead centers of correlation, association, 
or projection, in direct relation to external sense organs and ef¬ 
fectors of various kinds. Even a process as obscure as thinking 
is not different in kind from other functions of the brain and may 
be referred in the last analysis to the operation of reflex arcs 
with corresponding relations)tips between neurons. 

Although “specific mental acts or faculties are not resident in 
particular cortical areas,” according to Herrick, yet physiological 
centers, definitely assigned to particular tasks, similar to the ar¬ 
rangement of buildings in accordance with zoning laws, have been 
mapped for the entire surface of the cerebrum. 

The phenomena included under the general term of aphasia , 
which may be manifested in various guises such as the loss of the 
power of speech (a phemia ); the loss of ability to understand spoken 
words (auditory aphasia ); the loss of ability to read printed or writ¬ 
ten language that, was formerly understandable (alexia ); or the loss 
of ability to write 4 (agraphia), are all found to be associated with 
lesions or defects in definite regions of the cerebral cortex. There 
even seem to be different centers for different languages, since a 
bi-lingualist may lose by brain lesion the ability to speak one of 
two languages in which he was formerly proficient. 

The left frontal lobe of the cerebrum is the location of the speech 
center (in right-handed persons); the parietal lobes are the location 
of the centers for interpreting t ouch sensations; the occipital lobe, of 
the visual center; and the temporal lobe, of the auditory center. All 
of these lobes are enlarged in connection with the power of speech 
with which sight and hearing are intimately associated in the case 
of man. 

Distributed along the anterior edge of the fissure of Rolando , on 
the side of the brain opposit e to the region involved, are the princi¬ 
pal motor centers for specific regional muscles. 

The knowledge of brain localization that has been pieced together 
in the last half century is of the greatest importance, for it enables 
the surgeon to know without preoperative exploration exactly the 
spot in t he cortex where a blood clot, tumor, or a lesion is situated, 
by observing the part of the body that is suffering from paralysis. 

7. THE COMPARATIVE ANATOMY OF THE BRAIN 

The essential features of the comparative anatomy of the verte¬ 
brate brain may be passed in review by an examination of the 
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diagrammatic pictures of the brains of typical vertebrates, shown 
in Figures 637-642. 

(a) Cycloslomes. —The brain of the lamprey eel, Petromyzon , is 
primitively horizontal without flexures and quite embryonic in 
appearance, with a long cordlike medulla and a rudimentary lip¬ 
like cerebellum. The saccus vasculosus, characteristic of fishes 
generally, is large, but the hypophysis is small. On the opposite or 
dorsal side of the diencephalon, the pineal-parietal evagination is 
represented by a well-developed epiphysis (pineal organ) with an 
upward-projecting stalk, while located beneath and anterior to 
it is a smaller parietal structure. These two organs, arising from 
a common origin, were probably originally paired, since the pineal 
body is in intimate relation will) the right habenular ganglion, 
and the parietal body with the left. 

The presence in certain fossil fishes, for example Titan ichthys y 
of a pair of foramina located side by side in the skull directly 
above this region in the brain, also seems to point to the originally 
paired relation of these organs. Apparently the tandem-like 
position of the pineal and parietal bodies in cyclostomes is the 
result of a secondary displacement of the former side-by-side 
arrangement. 

The histological structure of the epiphysis, or pineal body, as 
well as its access to light through a foramen in the dorsal region 
of the skull, seems to indicate that it is, in cyclostomes at least, 
a photoreceptive organ by means of which light and darkness are 
distinguished. 

Mo great elaboration of the corpus striatum takes place, the 
olfactory archi pallium being the dominant part of the telencephalon, 
the hemispheres of which are made up of olfactory bulbs anteriorly 
separated by a slight constriction from the posteriorly located 
olfactory lobes. A thin pallial roof to the brain extends backward 
including even the mesencephalon, where a third chorioid plexus 
invades the brain cavity, the anterior chorioid plexus of the dien¬ 
cephalon and the posterior chorioid plexus of the myelencephalon 
being common to all vertebrates. The brain of hagfishes, for ex¬ 
ample Myxine , differs to quite an extent from that of lamprey eels, 
since it apparently has undergone retrogressive adaptation in con¬ 
nection with the pronounced parasitic method of the hagfish’s life. 
The anterior end of the brain is broader and plumper, as the 
suctorial habit of Myxine would demand, while both the saccus 
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vasculosus and the chorioid plexus, along with the ventricles of 
the brain, are much reduced. The cerebellar lip also, which is laid 
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Figs. 637 - 639 .-Sagittal diagrams of l.rains, (Aftor Kdinger.) 


down normally during embryonic life, later disappears entirely in 

these sluggish animals. j 

(6) Elasmobranchs. —The brain of elasrnobranchs (Figs. 63. and 

637)' differ* from that of other fishes, both in the greater elabora¬ 
tion of the telencephalon and cerebellum and the relatively larg 
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medulla. As would be expected, there are pronounced differences 
between the active dogfishes and sharks, and the sluggish skates 
and rays, the cerebellum being much smaller in the latter. 





Figs. 640-642.—Sagittal diagrams of brains. (After Edinger.) 


The bulging corpora striata and dominant olfactory lobes 
constitute the bulk of the telencephalon, while the incipient 
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hemispheres in the archipallial olfactory area are separated from 
each other by only a slight intercerebral fissure. 

From the olfactory lobe there extend forward two conspicuous 
olfactory stalks, terminating in olfactory bulbs which are fre¬ 
quently larger than all the rest of the telencephalon. 

In the diencephalic region the epiphysis is stalked, reaching 
sometimes as far as the cartilaginous roof of the cranium. The 
parietal organ disappears after temporary appearance during em¬ 
bryonic. development. Prominent, inferior lobes on either side of 
the hypophysis and a saccus vasculosus are present on the floor 
of the diencephalon. 

The well-developed optic lobes in the mesencephalon are partly 
covered over by the forward growth of the large cerebellum (in 
dogfishes and sharks), which is somewhat folded and marked off 
dorsally into four conspicuous areas. In the antero-lateral region 
of the medulla, connecting it with the cerebellum, are prominent 
restiform bodies or posterior peduncles, which stand out laterally 
on either side and are in intimate morphological and physiological 
relationship with both medulla and cerebellum. 

The electric Torpedo shows two electric lobes (Fig. 637) that 
project forward from the anterior floor of the mvelocoele. These 
are regarded as hypertrophied nuclei of the Xth (vagus) cranial 
nerve. 

(c) Ollier Fishes.--The variation in the brain of fishes other 
than elasmobranchs is so great, that a complete picture is difficult 
to draw. Some features, however, may be said to be in general 
characteristic. 

Usually the fish brain does not entirely fill the cranial cavity. 
There is still “room to let” in spite of the fact that the cranium 
and its cavity make up only an insignificant part of the entire 
skull. The pallium, or roof of the telencephalon, is thin and non- 
nervous (Fig. 638). Since there is no cerebral cortex present, the 
convex corpora striata, which occupy the floor of this region, 
might easily be mistaken by the superficial observer for the cerebral 
lobes. The epiphysis, with a shortened stalk, is on the downward 
road of degeneration. Ordinarily it. does not extend upward as far 
as the skull, although it is better developed in some deep-sea fishes. 

The optic lobes of the mesencephalon reach t heir highest develop¬ 
ment in teleost fishes, sometimes becoming larger than all the rest 
of the brain. 
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The cerebellum usually grows backward like a tongue over the 
anterior region of the medulla, more rarely extending forward like 
the cerebellum of the dogfish and encroaching upon the region of 
the optic lobes. Its size is correlated closely with swimming 
ability, being relatively small in the sea-horse, Hippocampus , and 
flatfishes, but much larger in the flying fish, Exocodes, and such 
famous travelers as the eel, Anguilla. 

While the various classes of the fishes as a whole exhibit brains 


representing side alleys in evolutionary progress, the rare lung- 
fishes (Dipnoi) oiler certain prophetic modifications that perhaps 
foreshadow the brains of higher vertebrates. Olfactory stalks are 
dispensed, with, the corpora striata assume a less prominent role, 
and t lie cerebral hemispheres, the t hickening walls of which begin 
to be supplied with neurons, take on a hopeful aspect. 

The cerebellum of the dipnoans, when contrasted with the more 
active elasmobranchs, however, appears to have lost much of its 
prominence. Embryonic rhinocoeles are present in the olfactory 
lobes and, in Proloplcms at least, the pineal body shows an ances¬ 
tral condition by extending even as far as a foraminal window in 
the roof of the skull. 

(d) Amphibians. In amphibians (Fig. 6.19), the large elongated 
olfactory lobes, which are continuous with the distinctly separated 
cerebral lobes, lie closely side by side and are joined medially 
together. 

The corpora striata project upward from the telencephalic floor 
only slightly, allowing for fairly large telocoeles and an invagi- 
naled anterior ehorioid plexus inside the cerebral lobes. The 
latter are without an external layer of gray matter, although scat¬ 
tered neurons begin to appear in the thickening pallial wall. 

The diencephalon is uucrowded, and visible from above, with¬ 
out inferior lobes or saceus vasculosus. In adult Salientia the 
epiphysis is represented by a small median vesicle, the pineal 
gland, close under the dorsal wall of the cranium, which by its 
development is shown to be the bulbous tip of the vanished stalk 
of the epiphysis. Skulls of stegocephals have a dorsal foramen, 
which shows the presence in those problematical amphibians of 
either a pineal or a parietal eye in this region. The parietal body 
is absent in modern amphibians. 

The optic lobes have been so spread apart as to occupy a more 
lateral position, and the cerebellum, reduced to a transverse lip 



718 


BIOLOGY OF THE VERTEBRATES 


in most forms, is quite rudimentary in the caecilians as well as in 
some caudates. 

The brain of the elongated caudates, which resembles the brain 
of dipnoans rather than that of other amphibians, is perhaps the 
most schematic in structure of any vertebrate brain. 

(e) Reptiles — The reptilian brain (Fig. 640) shows an advance 
in the telencephalie region, since a gray cortex, although not 
pronounced, is definitely laid down, and the commissures between 
the cerebral lobes are somewhat more developed than in the 
amphibian brain. 

The corpora striata are so large that only small telocoeles re¬ 
main, but rhinocoeles extend into the olfactory lobes. In most 
reptiles the olfactory lobes are hardly distinguishable from the 
neopallial part of the telencephalon, but in those lizards and 
alligators with prominent projecting snouts the olfactory lobes are 
extended into stalks and bulbs, as in elasmobranchs. 

The diencephalic region of the brain of reptiles is of particular 
interest. The thalami are large, while the hypophysis attached 
to the infundibulum is definitely differentiated into an anterior 
and a posterior part, the former enveloping the latter. On the 
thin dorsal wall there are, at least embryonically, not only pineal 
and parietal outgrowths, but also a third evagination, the pa - 
raphysis (Fig. 419), which is so far anterior in position that it may 
be said to belong to the telencephalon. The paraphysis usually 
undergoes degeneration in adult life and its function is still un¬ 
known. 

Except in crocodiles and alligators, the epiphysis is always pres¬ 
ent as a glandular pineal structure. The parietal organ is also 
always present in close association with the same habenular cen¬ 
ters as those of t he pineal body. Reaching its highest development 
in Sphetiodon , in which it. extends as far as a transparent window 
on the roof of the skull, it is unmistakably a third median eye, 
equipped with a retina and a lens. 

(/) Birds .—The brain of birds (Fig. 611) is more of an “eye 
brain" than a “smell bram/’ thus showing an advance over its 
forerunners. The cerebral cortex, however, is less well developed 
than in reptiles, with the corpora striata more in evidence. The 
telocoeles, due to the increased thickness of the corpora striata, 
are reduced to very restricted spaces. 

The olfactory lobes were fairly prominent in the tooth-bearing 



THE DOMINATING FACTOR 


719 


Cretaceous birds, but are small and degenerate in their modern 
representatives. No trace of a parietal organ appears in birds, 
and since the degenerate pineal body is buried between the en¬ 
croaching cerebrum and cerebellum, the entire brain gives the 
impression of compact crowding and centralization, characteristic 
of the bird’s structure generally. This is due not only to the 
fact that the optic lobes are crowded over laterally in position, 
but also to a considerable backward growth of the cerebrum 
which tends to bury the diencephalon and the mesencephalon 
from dorsal view. 

The cerebellum proper exhibits a well-defined median vermis as 
well as two lateral llocculi which adorn its sides. 

(g) Mammals .—Tertiary mammals, as methods of exploring the 
cranial cavity of fossil skulls reveal, had a reptilian type of 
brain. In modern mammals also, the brain (Fig. 612) is more like 
that of reptiles than that of birds, since the outstanding size of 
the cerebrum is due to the development of the cortex rather than 
to an enlargement of the corpora striata, as is the case among 
birds. 

The commissural systems between the cerebral lobes are better 
developed than in other vertebrates, particularly by the elabora¬ 
tion of the large corpus callosum, although this is reduced in the 
monotremes and marsupials, where the anterior commissure sup¬ 
plies the service later assumed by the corpus callosum. 

While still prominent in the primitive edentates, the archipallial 
olfactory part of Lhe brain becomes reduced among the higher 
mammals, until in man it is very small, and in seals and whales 
almost entirely lacking. Usually the rhinocoeles are obliterated 
in mammalian olfactory lobes. 

The cerebrum is without convolutions in Ornilhorhynchus , most 
marsupials, insectivores, bats, and many rodents. When present, 
convolutions are better developed in large-bodied animals, such 
as cattle, sheep, and elephants, than in smaller mammals. 

In the diencephalon the thalami are large, and the hypophysis 
is attached to the infundibulum, forming a compound endocrine 
organ. The epiphysis, now also connected with endocrine activity 
and having lost its eyelike structure, is reduced to an organ 
degenerate in size, although indispensable in function. It is usually 
covered over by the hemispheres and is relatively large in un¬ 
gulates and rodents but missing in armadillos and other edentates. 
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The two optic lobes of lower forms become changed in mammals 
into four corpora quadrigemina, which are relatively smaller than 
is this region of the mesencephalon in any other vertebrate. The 
corpora quadrigemina are quite covered by the overgrowth of the 
massive cerebrum and the cerebellum which have so enlarged 
that they meet dorsally. 

The cerebellum is not only divided antero-posteriorly into ante¬ 
rior, median, and posterior regions, but it has also, inserted laterally 
between the vermis and the floeculi, two cerebellar hemispheres 
that, although small in the lower mammals, attain considerable 
size in the higher mammals and eventually make up the bulk of 
the cerebellum. 

A further characteristic of the mammalian brain is a definite 
band of fibers encircling the brain stem, known as the pons , in 
the rnetencephalic region. The medulla of mammals is compara¬ 
tively short, and appears to be drawn under the prominent cere¬ 
bellum. 


8. THE CONTROL OF THE BODY BY THE BRAIN 

Animal activities having their physical basis in the brain are of 
three general categories, namely, (1) innate stereotyped Junctions, 
which are inherited, and are ordinarily blanketed together under 
the term instinct; (2) habits , which are not inherited but are pat¬ 
terns of conduct acquired by repetition until they become more 
or less automatic; and (3) variable modifiable actions , which are 
marks of intelligence that are perfected by the process of learning. 

Innate stereotyped functions, it may be said, do not lend them¬ 
selves to individual improvement. It is futile, for example, to 
try to teach a grasshopper either to jump or to dance. It jumps 
already, having been born an instinctive jumper, and it can never 
learn to dance, since the “variable, modifiable” capacity is 
practically wanting in its make-up. 

With an increase of cerebral function the instinctive automatic 
reflexes take more and more to the background, and therein is 
the great distinction between “lower animals,” that are largely 
at the mercy of their environment and heredity, and the “higher 
animals,” which to an increasing degree have risen above environ¬ 
ing conditions and their hereditary handicaps, and have become 
more and more “captains of their souls.” One of the most prized 
possessions of mankind is the “capacity for individuality,” yet 
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even what passes for “free will” has its basis in the neurons and 
reflexes built up in the brain. In the last analysis the brain must 
be regarded as the mechanism through which consciousness, mem¬ 
ory, imagination, and will are effected. 

The control which the brain, and particularly the cerebral cortex, 
exercises over the body is increasingly greater as one passes from 
fishes to mammals. A frog, for instance, can recover from a 
surgical operation entailing the loss of the entire brain. Such a 
“spinal frog” continues to perform many of its functions in an 
apparently normal fashion. A hen with its head cut off continues 
to flop about for some lime, but not so a mammal that has been 
guillotined. In man a comparatively slight interference with even 
a minute portion of the cortex may result in sudden fatal apoplexy. 
The doddering old-timer who knew that he was “losing his mind” 
cheerfully assured inquiring friends that he didn’t “miss it much,” 
but that is by no means typical of mankind generally. 

An important function of the brain and the cord that should be 
mentioned is their activity as inhibitors of many of the myriad 
reflexes called forth continuously by an insistent environment. 
Without such automatic inhibitions man would be worn out by 
continuous responses to a great variety of stimuli to which he is 
constantly exposed. Relief from incessant activity is gained not 
only by the inhibitory action of the nervous system, but also by 
periods of unconsciousness during sleep. It has been estimated 
that a person seventy years of age has lost consciousness over 
25,000 times in sleep. Plants and cold-blooded animals probably 
lose over one half of their span of life in partial cessation of ac¬ 
tivity through sleep and hibernation. 

Bergson has defined consciousness that succeeds restorative 
sleep as “the hyphen that connects the past and future” of which 
animals generally, as compared with man, have little conception. 
Consciousness, memory, imagination, and will are the priceless 
functions of the human brain, which place man at the head of 
creation. 


IX. Peripheral Nervous System 

An indispensable auxiliary of the central nervous system is the 
peripheral nervous system. This consists of nerves , or free conductors 
which put sense organs into physiological connection with their 
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centers in the brain or cord , as distinguished from nerve tracts , or 
communicating fibers embedded within the cord or brain itself. 

“Nerves” are cables of neurites and dendrites in which the 
independence of the strands composing them is maintained. They 
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nerve. (After Quain.) 


extend through mesenchymatous 
tissues to all parts of the body, 
except into cartilage and the out¬ 
ermost epidermal layers of the 
skin. Although their number is 
not large primarily, the neurons, 
or morphological elements that 
combine t o make them (Fig. 613), 
may be, according to Donaldson, 
as many as three or four millions 
in man. 

The nerves associated with the 


central nervous system are in pairs, and are either spinal or 
cranial , according to their connection with the cord or brain. 
The supplementary involuntary, or autonomic , nervous system at¬ 
tends to many necessary reflexes without involving the central 
system, just as an efficient office boy disposes 


of many time-consuming intruders without dis- [crani 
turbing the general manager. ~~Fr 



i. spinal m:hvi;s 

In man there are typically 31 pairs of spinal 
nerves, as follows: cervical , 3; thoracic , 12; lum¬ 
bar , 5; sacral , 5; and caudal , J. The total 
number of spinal nerves in vertebrates other 
than man is naturally subject to wide varia¬ 
tion. 

Each pair of spinal nerves, with t he exception 
of the cervical ones, takes its name from the 
vertebra just anterior to its exit. The reason 
for a reversal of designation in the cervical 
nerves is that the first, pair emerges between 
the skull and the first cervical vertebra, or 


T=r ” ** 

CEL 

f=r 

^ . 6 , 

-7» 

d<ho 

m 

F re. 644*.—Diagram 
showing the relation 
ol* the cervical nerves 
to cervical vertebrae. 


atlas , and so, having no vertebra in front of it, takes its name 


from the vertebra immediately behind it. This method of nomen 


clature is followed throughout the cervical series, leaving the eighth 



THE DOMINATING FACTOR 


723 


pair of nerves without any cervical, vertebral godfather standing 
behind it, and accordingly it is called the eighth pair, although 
mammals have only seven neck vertebrae. 

The next pair of nerves plainly belongs to the trunk, and so 
begins a new series as the first thoracic pair , taking its name from 
t he v ertebra bell ind which , 

it emerges (Fig. 614). Y Y 

The size of the spinal y 

nerves is dependent upon \ 

the relative area of the y —* li 

body which they supply, y 9 ", 

the largest in man being / \T \ 

the first sacral pair that If A \ \ 

goes to the legs. The j 1 

general distribution of II jf 

every spinal nerve in 1LJ 

connection with the re- V J J 

gion which it supplies is K \ J 

indicated in Figure 615. V y 

The relation between ^ ' 

lhe spinal nerves and the <\ ^ 

metameric embryonic Fig. 643.— Cross section of the central and 

muscles is very regulbr P' ,ri l ,,M ™ 1 nervous sterns m man. 1, dorsal 

J iissure ot nerve, cord; 2, ventral assure; 2, dor- 

and Constant, but the sal root.; 4, dorsal ganglion; 3, spinul nerve.; 6, 

rearrangement and mi- dorsal branch; 7, ventral branch, 8, ramus corn- 

gralkm of those muscles “ ,a,,s: sympn- 

tnetic ganglion; 11, ventral root; 12, cutaneous 

111 the adult organism branch. (After llauber.) 
brings about apparent ir¬ 
regularities. A nerve once associated with a muscle, however, re¬ 
mains faithful to it throughout, all ils subsequent, transformations. 
Since metameric muscles in mammals do not extend to a tail, as 
in fishes and caudates, decided differences in the abundance of 
post-anal spinal nerves appear in the higher vertebrates. 

In man particularly, the nerve cord is shortened as already 
described (p. 676), so that it does not extend through the entire 
length of the vertebral column. Nevertheless the emerging spinal 
nerves maintain their proper intervertebral exits. This necessitates 
the continuation of the posterior pairs of spinal nerves within the 
neural arches of the vertebral column for increasingly lengthened 
distances before they finally emerge, with the result that a brush 


Fig. 643.- Cross section of the central and 
peripheral nervous systems in man. 1, dorsal 
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of spinal nerves, the cauda equina , or the “horse's tail,” is formed 
at the end of the cord (Fig. 646). Moreover, while the anterior 

spinal nerves leave the cord at practically right 
angles, the angle of departure for posterior 
pairs becomes more and more acute, until it 
may be said of the sacral nerves that for some 
distance they run almost or quite parallel to 
the Jilwn terminate , that is, to the non-nervous 
continuation of the cord itself. 

(i a) Roots.- - The connection between the pe¬ 
ripheral nervous apparatus and the central ner¬ 
vous system is effected on cither side through 
the dorsal and ventral roots of the nerves 
(Fig. 615), which differ not only in structure 
and function, but also in their origin and 
manner of development . 

Dorsal roots are composed primarily of neu¬ 
rons whose polarity is afferent or centripetal, 
that is, toward the central nervous system. 
Ventral roots, on the contrary, are efferent , or 
centrifugal, carrying messages outward to glan¬ 
dular or muscular elfeelors. Since, these effec¬ 
tors, which are. mostly muscular, bring about 
motion, the ventral roots are commonly des¬ 
ignated as “motor roots” (Fig. 617). 

In most cases the dorsal and ventral roots 
join to form a spinal nerve, that in conse¬ 
quence is mixed in function, becoming a cable 
of both afferent and elferent neurons over 
which messages may pass in either direction. 

From near the point of junction of the two 
roots of a mixed nerve, four branches are 




1 \ 


Fig. 646. -The spi¬ 
nal cord of man, 
showing plexi, the 
cauda equina , and on given off: (1) a thinner, shorter dorsal branch; 

one side, the sym- (2) a thicker, longer ventral branch (these two 

(After Kauber.) supplying the skm and body musculature); (5) 

a small meningeal branch, going back to the 
meninges of the cord; and (4) an autonomic branchy connecting 
with ganglia which relay to the viscera. 

The important generalization that the branches of spinal nerves 
are mixed, while their roots are not, was independently established 
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over a century ago by the Frenchman Magendie (1783-1855), and 
by Sir Charles Bell (1774-1842), an Englishman, who has been 
characterized by Professor Keith as “an anatomical detective of 
the highest rank.” 

For the most part dorsal roots are made lip ol libers from 
neurons apparently unipolar, all hough in reality bipolar, being 
located in the dorsal ganglia, whose origin from the ridge that is 
budded off along the edge of 

. 11. i | Sensory root spinal ganglion 

the medullary groove has al- “ v 1 

ready been described. 

Neurites from the ventral 
roots, on the other hand, 
which have no ganglia, take 
their origin from neurons 
grouped together in the gray 
matter of the basal or ven¬ 
tral area of the cord. 

The visceral or autonomic branch contains elements whose 
neurons, efferent as well as afferent, are associated with the lateral 
gray area in the cord locat ed between t he dorsal and ventral gray 



fliotor root 
Fif 617.—Diagram of the formation of 
spinal nerves. (After Piersol.) 



Fig. 648.—Long section through a pie.ee of the vertebral column of a shark, 
showing that the roots of the spinal nerves pass out diagonally with relation 
to each other. 


horns that are concerned with somatic neurons, both sensory and 
motor. Somatic as well as visceral neurons in the dorsal region, 
therefore, are alar and lateral, while visceral and somatic motor 
neurons are restricted to the ventral half of the gray matter in the 
lateral and basal areas respectively (Fig. 601). 

Among lower vertebrates, dorsal roots in some instances are not 
always purely sensory, and a few recurrent sensory fibers also 
may find their way from the dorsal to the ventral root, thus 
modifying the character of the motor roots. 

in function the efferent neurons of the ventral root may exercise 
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either an excitory or an inhibiting effect upon the muscles or 
glands to which they extend, although the manner of the inhibit¬ 
ing action of nerves is by no 
means settled as yet. Sherring¬ 
ton has shown that the inhibi¬ 
tory mechanism for the skeletal 
muscles is internal, arising in 
the central nervous system, 
and therefore consisting of a 
block impulse which cuts out 
TV .. ' motor and tonus impulses. 

through a vertebra at i he level of the The spinal nerves of amphi- 

roots of a spinal nerve, showing the oxus and the lamprey cel (but 
position of the spinal ganglia with ref- . r .. , r* i \ i * i • 

1 ... . , ,* r 7 , not oi the haghsh) have only sm- 

erenee to the vertebra. (After .t amities.) n 

gle roots, that is, t hey are either 
entirely efferent or afferent in character, since motor and sensory 
roots do not join to form mixed nerves. The two-way mixed 
nerve, therefore, probably repre¬ 
sents a secondary evolutionary adap¬ 
tation and not a primitive condition. 

Dorsal and ventral roots in elas- 
mobranch fishes do not emerge from 
the cord in the same transverse 
plane, but alternate with each other 
before joining to form a spinal nerve 
(Fig. 618). Dorsal roots make an 
intervertebral exit, while ventral 
roots come out verlebrally through 
foramina which penetrate the pedi¬ 
cels of the vertebrae. In higher 
vertebrates both roots of a spinal 
nerve emerge in ter verlebrally in the 
same transverse plane. 

In fishes the dorsal ganglia and 
the point of union of the roots of 
the spinal nerves are usually lo¬ 
cated outside the skeletal vertebral 
column, but in other vertebrates the 



c* 


Cr5 


CG 


Cl 


Ca 


Tz 


Fiu. 650.—Diagram of the 
right brachial plexus in man, 
viewed from the front. The shad¬ 
ed strands are derivatives of the 
dorsal half of the plexus. C, 
cervical nerves; T, thoracic 
nerves. (After Eisler.) 


junction of the roots is effected closer and ('loser to the cord itself, 
so that it comes to lie within the neural arch (Fig. 649). 
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(6) Plexuses .—Whenever an extra large area of the body, such 
as that of the arms or legs, is to receive a nerve supply, several 
spinal nerves may join forces, form¬ 
ing a plexus. A complication of this 
kind adds materially to the difficulty 
in precisely tracing out the actual 
path and sequence of neuronic lines 
between the central nervous system 
and specific end organs. The physio¬ 
logical advantage of plexus forma¬ 
tion lies in the summation of stimuli 
whereby each muscle may be excited 
by several nerves, while any single 
nerve may in turn affect several mus¬ 
cles. 

The first four cervical nerves in 
man form the cervical plexus that sup¬ 
plies the neck. The last four, to¬ 
gether with the first thoracic nerve, 
make up the brachial plexus of the 
arm (Fig. 650). Other thoracic 


CA 



nerves do not ordinarily enter into 
plexus formation, but- the remaining 
post-thoracic nerves, that is, the lum¬ 
bar, sacral, and caudal, may all be¬ 
come involved in the large lumbo¬ 
sacral plexus which supplies the pelvic 
region of the leg. 

In all of these plexuses only ven¬ 
tral, or efferent, roots are concerned, 
since the dorsal sensory roots remain 
independent of each other, although 
in fishes dorsal as well as ventral 
roots may anastomose. 

Tn various species of long-bodied 
fishes and caudates, which do not use 


Fin. (>51. --Diagrams of the 
relations of the appendages to 
the spinal nerves in fishes 
(left) and man (right). The 
nerves which supply the per¬ 
ioral tin in fishes become the 
cervical nerves in man. The 
pelvic-fin nerves of fishes be¬ 
come the coccygeal nerves in 
mail. The arm of mail is sup¬ 
plied by the four posterior 
cervical and two anterior tho¬ 
racic nerves, forming the bra¬ 
chial plexus. The pelvic plexus 
is made up of the 11th and 
12th thoracic, and nine lum¬ 
bar nerves. (After Wieders- 
heim.) 


their paired appendages for the support of the body, there fre¬ 
quently occurs, anteriorly and posteriorly along the backbone, 
a shifting of the girdles and their attached appendages (particularly 
the pelvic girdle), with a consequent variation in the group of 
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spinal nerves that take part in plexus formation (Fig. 651). 
DeBeer records this fact by saying “ Limbs may become transposed 
over the trunk of the animal much as a tune can be transposed 
over the keys. But it is the same tune and the same limb.” 

There are many variations in the composition of spinal plexuses 
in other vertebrates than man, in which the legs and arms assume 
particular importance, in such instances the anastomoses may 
even be unlike on the two sides of the same individual. In the 



enormous brachial plexus of the skate, twenty-five spinal nerves 

may fuse together, while in 
certain other elasmobranchs as 
many as three cranial nerves 
may join with spinal nerves to 
form a cervicobraehial plexus. 

In the long-necked swan the 
first spinal nerve to join with 
another in the brachial plexus 
is the twenty-second. 

Certain snakes (Fig. 652) in 
which no trace of limb-buds limbless embryo of 
appears in t he embryo (Fig. ^ 3 5 mm ' 

655), possess a lumbo-sacral 


Fin. 652. —Spi¬ 
nal nerves of a 
snake, in the pel¬ 
vic region, show¬ 
ing a simple plexus 
in the absence of 
hind legs. (After 
Carlsson.) 



653. - The 


plexus, indicating that these highly modified, limbless reptiles were 
derived from ancestors with legs at some time in the remote past. 


2. CRANIAL NERVES 

Cranial nerves are more specialized than spinal nerves, since 
they have more differentiated tasks to perform, yet they bear an 
unmistakable family resemblance to their spinal relatives. 

Some factors that have influenced the modifications of the 
cranial nerves are as follows: (1) the presence of sense organs 
located in the head; (2) the elaboration in water-dwelling verte¬ 
brates of the splanchnocranium; and (3) the degeneration of most 
of the embryonic myotonies in the head region (Fig. 577). 

Although the dorsal sensory roots of the spinal nerves arise 
solely from dorsal ganglia that have formed from the medullary 
ridge of the early embryo, some of the neurons of certain of the 
cranial nerves, namely, the Vth, VI 1th, IXth, and Xth, have 
their origin in patches of thickened ectoderm, the epibranchial 
placodes. The olfactory (1st) and the optic (Ilnd) cranial nerves 
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belong to an entirely different category from all others, since they 
are a part of the embryonic prosencephalon and may be regarded 
more properly as nerve tracts than as true nerves. 

Some differences that mark off cranial nerves from their spinal 
counterparts are (1) the introduction of additional neuronic com¬ 
ponents from the placodes, as indicated above; (2) the hypertrophy 
or fusion of elements already present; and (3) the degeneration 
or suppression of one or the other of the two roots, resulting in 
nerves that are either entirely sensory or entirely motor in char¬ 
acter. 

The fact that spinal nerves in primitive ehordates, such as am- 
phioxus and the cyclostomes, are all one-way unmixed nerves, 
suggests the possibility that cranial nerves, which in higher verte¬ 
brates exhibit a similar development, represent the ancestral type. 

No two pairs of cranial nerves have the same uniform make-up. 
For example, in addition to the lour general functional types of 
neurons characteristic of spinal nerves, namely, afferent somatic , 
and afferent visceral neurons of the. dorsal root, and efferent somatic 
and efferent visceral neurons of the ventral root, there are present 
three other types, namely, special afferent somatic and special affer¬ 
ent visceral neurons associated with the superimposed cranial sense 
organs of sight, hearing, smell, and taste; and special efferent 
visceral neurons in connection with the branchiomeric musculature 
of the primitive gill arches and their derivatives. 

No single pair of cranial nerves possesses all of these seven 
functional types of elements, and no two pairs have the same 
composition, as will be evident from the inspection of the Table of 
Cranial Nerves on pages 730 -731. 

It will be seen that the sensory elements of the cranial nerves 
(column 5), as in spinal nerves, are associated with ganglia located 
outside the brain itself. The efferent motor elements, oil the other 
hand, have their headquarters in nuclei within the gray substance 
of the brain. 

The twelve pairs of cranial nerves were first identified in man 
and are named with reference to the parts which they supply, 
being customarily designated by the Roman numerals I to XII. 
The first two pairs, or olfactory and optic, are in a class by them¬ 
selves for, although entirely sensory, they are without ganglia 
since their neurons are secondarily sprouted back from the sense 
organs to the brain, having their origin in embryonic outpushings 
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from the wall of the brain itself. The eight cranial nerves from 
III to X inclusive have been called “spinal-cranial nerves,” be¬ 
cause they can be interpreted as modified spinal nerves. The 
XItli and XI 1th cranial nerves, occurring only in amniote verte¬ 
brates, show most of all the spinal character, although the hypo¬ 
glossal (XII tli) has lost its dorsal sensory root, which was present 
in the embryo. 

In certain fishes there is a group of from one to five pairs of 
small transitional spino-cranial nerves in this region that have 
their origin within the skull but are not properly regarded as true 
cranial nerves. They wholly disappear in amphibians and higher 
vertebrates, leaving the Xlth and the XlJth as the only true 
spinal nerves that retain a permanent place among the aristocracy 
of the cranial nerves. 


Since the identification of the twelve classical pairs of cranial 
nerves, the somewhat embarrassing discovery of an additional pair 
has been made, called the nervus terminalis (Fig. 6152). This extra 
pair was first found in the lunglishes and is now known to be 
present, at least embryonieally, in all classes of vertebrates in¬ 
cluding man. As the nervus terminalis is anterior to all the other 
cranial nerves, it remains without a Roman numeral, since its 
logical designation as the first pair would upset the well-established 
and generally accepted sii(‘.cession of the other twelve pairs. Con¬ 
sequently it is numbered 0. 

It will be seen from the table (column 3) that most of the cranial 
nerves take their apparent origin from the myelencephalon, or 
medulla (Fig. 623). The exceptions are the nervus terminalis (0) 
and the olfactory (1), which connect with the telencephalon; the 
optic (II) from the diencephalon; the oculomotor (111) from the 
mesencephalou; and the trochlear (TV) from the intermediate 
region bet ween t he mesencephalon and the metencephalon. 

Furthermore, as far as function is concerned, I, II, VUl, and 
probably the nervus terminalis (0) are entirely sensory in char¬ 
acter, lacking motor roots, while III, IV, VI, arid XII, having lost 
their sensory components, are entirely motor. The remaining 
pairs, namely, V, VII, IX, X, and XI, are reckoned as mixed 
nerves, although some of them have branches that are either all 
sensory or all motor in character. 

With regard to neuronic components, the distribution is as fol¬ 
lows: 
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A typical mixed cranial nerve, like the spinal nerves, divides 
into dorsal and ventral branches, distal to Hie dorsal ganglion 
when present. The short dorsal branch in fishes, containing only 
afferent neurons, brings lhe sensations to the brain from the skin 
and the lateral-line organs. It becomes much reduced in land 
forms and eventually disappears entirely. 

The ventral branch usually forks into a pretrematic twig and a 
postlrcmahc twig, that extend on either side of the splanchnocranial 
openings, such as the mouth, spiracle, and gill slits. These twigs 
of the ventral branch may carr> either efferent or afferent neurons 
and in some eases both. 

There is evidence that the trigeminal nerve (V) is compounded 
of two original nerves, and that the facial (ViI), which involves 
both the hyoid and the first branchial arches, is also double, being 
originally the dorsal root of a nerve of which the abducens (VI) 
furnished the ventral root. 

The acoustic nerve (VI11), now entirely sensory and independ¬ 
ent, was probably a part of the VIIth nerve formerly, while the 
vagus (X) is no doubt a complex of multiple origin concerned with 
several branchial arches, having the spinal accessory (XI) split off 
from it as an independent nerve. 

Thus the homologies of the cranial nerve become a complicated 
problem, calling for much patient and searching investigation on 
the part of comparative anatomists. 

The following brief survey of the separate cranial nerves supple¬ 
ments the information buried in the Table of Cranial Nerves on 
pp. 730 and 731. 

(a) Terminal Nerve ( 0 ).—The terminal nerve arises from the 
cerebral hemispheres in the region of the medial olfactory tract and 
extends to the snout region in close association with, but independ¬ 
ent of, the olfactory nerves. 

In elasmobranchs where it is relatively larger than in other 
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vertebrates, this nerve is ganglionated and sensory, terminating in 
the olfactory mucous area. In amphibians, reptiles, and mammals, 
it is connected with the mucous membrane of the so-called Jacob¬ 
sons organ, which is accessory, when present, to the olfactory 
apparatus. 

( b ) Olfactory Nerve (/).—A peripheral ganglion, such as might 
be expected in a sensory nerve, is lacking in the olfactory, since it 
is a specific brain nerve and not a made-over spinal nerve with two 
roots. It is unmedullated, consisting of neurons whose two proc¬ 
esses proceed from cells located in the mucous membrane of the 
nasal pits, along with the sense receptors of smell. These processes 
have a relatively short span to go in order to reach the olfactory 
lobes of the brain, by synapsis via an olfactory bulb and tract, 
when present, or directly when these structures are absent. In 
cyclostomes, which have only a single olfactory pit, the olfactory 
nerves are paired as usual, indicating that the single pit represents 
a fusion of what was formerly two pits. 

In the skull of most vertebrates the olfactory nerve passes 
through a single foramen on either side to reach the brain, but in 
many of the higher animals it consists of a brushlike bundle of non- 
medullated libers, Jilin olfactor in, that penetrate the skull separately 
through the pepperbox-like pores of the cribriform plate of the 
ethmoid bone. Thus, in man, instead of a single pair of olfactory 
nerves, it would not be entirely incorrect to say that- there are at 
least twenty pairs. 

(c) Oplic Nerve (//).—Like the olfactory nerves the optic nerves 
are properly not nerves at all, in the sense of arising from dorsal 
ganglia or growing out from nuclei within the brain. They are 
rather backgrowths from an extended portion of the brain itself, 
the wall of which has grown out on either side from the main part, 
early in embryonic life, forming two optic stalks with bulbs on their 
distal ends. After evaginating thus from the lateral walls of the 
diencephalon, the hollow bulbs at the ends of these stalks cave 
in, making double cups, in the inner walls of which neurons even¬ 
tually differentiate, forming chains of retinal cells. The distal 
links (ganglionic cells) of these chains extend back along the optic 
stalks to the main part of the brain, thereby forming the optic 
nerves. When the ganglionic cells become established, the optic 
stalk itself passes out of the picture by absorption, leaving the op¬ 
tic nerves as sole connections between the retina and the brain. 
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Upon reaching the brain on the ventral side at the boundary 
between the telencephalon and the diencephalon, the mass of optic 
nerve fibers crosses over to the opposite side before penetrating 
further into the more posteriorly located sight centers of the brain. 



These are the thalamus and the lateral geniculate body in the 
diencephalon, and the anterior pair of the corpora quadrigemina in 
the mesencephalon, whence, in mammals, sight impressions are 
finally relayed forward to the visual center in the cortex of the 
occipital cerebral lobe, where sight is correlated with other centers 
located in the cortex. 

The crossing of the fibers of the optic nerve forms the optic 
chiasma , which in eyclostomes, elasmobranchs, ganoids, and dip- 
noans is inconspicuously embedded in the brain substance, but in 
other vertebrates is plainly visible. The strands of the chiasma may 
interlace in different vertebrates in quite a complex manner. 
Among primates, including man, the chiasma is not complete, 
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many fibers, sometimes as many as a third, remaining on their 
own side (Fig. 654), a condition that makes possible the binocu¬ 
lar method of vision characteristic of the higher primates. 

( d ) Eye-Muscle Nerves (III, IV, VI). —The nerves of the eyeball 
muscles have much in common, being efferent somatic nerves with¬ 
out sensory roots, and also associated with the three pairs of 
myotomes that remain in the head region (Fig. 577). The oculo¬ 
motor (111) and the trochlear (IV) arise from the mesencephalon, 
while the abducens (VI) comes off from the ventral side of the 
myelencephalon. No cranial nerves take their origin from the 
metencephalon. 

The most important nerve of the eye muscles is the oculomotor, 
which supplies not only the inferior oblique and three of the rectus 
muscles, namely, superior, inferior, and internal, but also the levator 
palpebrae that lifts the upper eyelid, as well as the intrinsic iris and 
ciliary muscles of accommodation within the eyeball itself. 

The trochlear is also called the pathetic nerve because it supplies 
the superior oblique muscle, which is the most difficult of all the eye 
muscles to operate. Thus there are anatomical and physiological 
drawbacks in maintaining a continuous attitude of piety with up¬ 
turned eyes. 

The abducens actuates the lateral, or external rectus muscle, by 
means of which the eye is made to sweep the horizon. This is the 
easiest of all eyeball movements, and is properly an ancestral, life¬ 
saving inheritance, for by its exercise animals can more easily look 
about and behind themselves, and so become aware of the approach 
of enemies and the presence of friends. 

The abducens also sends a branch to the retractor bulbi, a muscle 
derived from the external rectus by means of which fishes are 
enabled to focus their eyes. This is absent in primates. 

The nictitating membrane, or third eyelid of reptiles, birds, and 
some mammals, is also supplied by the abducens nerve. 

(e) Trigeminal Nerve ( V). —The trigeminal nerve comes off dorso- 
laterally from the anterior region of the medulla in close association 
with the VI 1th and the VIIIth cranial nerves, constituting together 
a most important group for the supply of the head. It has a strong 
dorsal root and a lesser ventral root and is one of the largest of the 
cranial nerves. The Gasserian ganglion of the dorsal root is the 
largest of all the ganglia associated with cranial nerves. The trigem¬ 
inal is so called because of its three component branches, the 
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ophthalmic , maxillary , and mandibular . It was originally probably 
of a double origin, the ophthalmic being the remains of one nerve 
and the maxillary and mandibular the other. 

In fishes the ophthalmic , which is sensory in character, joins with 
the ophthalmic branch of the Vllth nerve, extending to the snout 
in two sub-branches, the superjicialis and the profundus , the latter 
of which runs within the orbit back of the eyeball but independent 
of it. 

The maxillary branch , which is also sensory, goes to the teeth of 
the upper jaw, upper lips, and cheeks, while the mandibular 
branch , which supplies the muscles of the face, chin, and lower lip, 
contains both afferent and efferent neurons and is, consequently, 
mixed in character. 

The maxillary branch may be regarded as a pretremntic nerve 
anterior to the mouth, and the mandibular branch, the correspond¬ 
ing posttrematic nerve posterior to the mouth. This pre- and post- 
trematic arrangement on either side of a pharyngeal opening, like 
mouth, spiracle, or gill slit, is repeated in other cranial nerves. 

(/) Facial Nerve (VII ).—The Vllth nerve, or facialis, arises 
from the geniculate ganglion , which in the lower vertebrates is often 
fused with the Gasserian ganglion of the Vtli nerve. It undergoes 
much modification as the result, of evolutionary emergence from 
water to land life, owing to the loss of the lateral-line organs and, 
in higher mammals, to the development of the mimetic muscula¬ 
ture of t he face. 

In fishes and caudates there are given off three dorsal sensory 
branches which are lacking in the Salientia and higher vertebrates, 
namely, (1) the ophthalmic to the snout, running parallel to the 
similar ophthalmic branch of the Vth nerve; (2) buccal to the 
mouth and to the middle line of the cephalic lateral-line organs; 
and (3) the external mandibular to the lower jaw and to the lower 
lateral-line organs of the head. 

The ventral branch of the Vllth nerve divides into a pretrematic 
trunk anterior to, and a posttrematic trunk posterior to the spiracu- 
lar opening. The pretrematic trunk is sensory, dividing into two 
twigs, a palatine twig to the roof of the mouth, and an internal 
mandibular twig to the inside of the lower jaw, and the mucous 
membrane of the mouth cavity. This latter twig becomes the 
chorda tympani of higher forms, running between the malleus and 
incus bones of the middle-ear cavity in mammals, which, it will be 
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remembered, are transformed skeletal elements from the splanchno- 
cranium of gill-bearing ancestors. This nerve is wanting in birds, 
where its place is taken by the glossopharyngeal (IX) nerve. 

The positrematic branch of the ventral root, the neurons of 
which are mixed in character, also divides into two twigs, the 
hyomandibular, and the facial nerve proper. It plays an increasingly 
important role in the development of muscles of facial expression in 
man. 


The taste-buds on the anterior two thirds of the human tongue 
and the sublingual and submaxillary salivary glands are also sup¬ 
plied by the V11th nerve. 

(g) Acoustic Nerve (VIII). —The acoustic nerve is very short 
and does not emerge from the neurocranium. It is entirely sensory 
and may be regarded as a dorsal root of the VI 1th, which has be¬ 
come an independent nerve. It has two ganglia, the spinal and the 
vestibular , which, in land animals without a lateral line, are em¬ 
bedded within the petrosal bone. When the lateral line is present, 
the vestibular ganglion is associated with the lateral-line elements 
of the Vtli and Xth nerves, constituting all together an acoustico- 
laleral system , having to do with the reception of vibratory stimuli 
coming in through a liquid, either water surrounding the lateral- 
line organs, or the endolymph in which the sensory cells of the 
inner ear are bathed. 

The lateral-line organs (see page 765) are peculiar to water- 
dwelling vertebrates, such as fishes and amphibians, whereas the 
inner ear, which the acoustic nerve supplies, although derived em- 
bryologically from the anterior end of the lateral-line system, is 
represented with constancy throughout the vertebrate series. 

The VIIIth nerve divides into two branches, the vestibular and 
the cochlear , that go respectively to t he semicircular canals and to 
the auditory mechanism of the inner ear. Sound vibrations are 
eventually relayed from the receptors in the inner ear to the cortex 
of the temporal lobe of the cerebrum for interpretation. The func¬ 


tion of the semicircular canals is to aid in maintaining equilibrium. 


(h) Glossopharyngeal Nerve (IX). —The glossopharyngeal nerve , 


with its petrosal ganglion that frequently fuses with the ganglion 


of the Xth, is primarily the nerve of the first gill slit. It has a 
sensory dorsal pharyngeal branch to the lateral-line apparatus and 


pre- and post!rematic branches extending on either side of the first 
gill slit, in the same manner as the palatine and hyomandibular of 
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the Vlltli extend on either side of the spiracle, and the maxillary 
and mandibular of the Vth, on either side of the mouth. 

The pretrematic of the lXth is sensory and connects with the 
hyoid arch, while the posttrematic is mixed, supplying the pharynx, 
the taste organs of the tongue, and in mammals the tonsils and 
epiglottis also. It is the 
posttrematic branch of 
the primitive IXth nerve 
that eventually becomes 
the gmlatory nerve of the 
higher vertebrates, con¬ 
necting the taste-buds 
located on the posterior 
t hird of the tongue with 

the brain (tig. 655) . F I(; . 655. —Diagram of the tongue and a part 

This nerve also has ef- of the medulla to illustrate the central connec- 

ferent components which tion * an<1 functional relationships of certain 

i.i. , cranial nerves. 1. sensory neurons of tricem- 

supply the pharyngeal iua| (V) und R | asS()phar ; nK( , al (1X) n(T " V( , s; 

muscles and the parotid 2, relaying neurons; 3, motor libers of hypo- 
salivary glands. glossal (XII) nerve; 1, sensory nuclei; motor 

ii/., I .1 . nucleus. (From Hanson. after Cuial.) 

With the emergence to 

land life and the suppression of the lateral line the dorsal pharyn¬ 
geal branch, and the pretrematic hyoid branch lose their signifi¬ 
cance and disappear. 

(i) Vagus Nerve (X). —The Xth, or vagus nerve , is apparently a 
composite of several metameric nerves which have a different fate 
in gill-bearing fishes and amphibians than in land vertebrates. In 
the former and more primitive group a sensory lateral trunk , with 
its lateral ganglion , goes to the lateral-line organs, and a second 
mixed branchio-inieslinal trunk , with its jugular ganglion , extends 
to the gills and viscera. This latter trunk sends off sensory pre¬ 
trematic and mixed posttrematic branches around every gill slit 
except the first pair, which is supplied by the TXth nerve. The 
branchio-intestinal trunk then continues in close association with 


the autonomic nervous apparatus, io supply the various visceral 
organs of digestion, circulation, and respiration. 

In amniotes the lateral-line trunk and that part of the branchio- 
intestinal that goes to the gills, being no longer needed, are for the 
most part discarded, although a part of the branchio-intestinal 
branch remains as the large pneuniogastric , or vagus nerve proper. 
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having afferent and efferent elements and connecting with thoracic 
and abdominal viscera. It is quite properly designated as the 
“vagrant” nerve, since it probably wanders farther than any other, 
reaching as it does from the head well into the tail of fishes, and to a 
A R distance from its origin rel¬ 

atively as remote in higher 
vertebrates. 

(j) Spinal Accessory Nerve 
(XI). —In the lower verte¬ 
brates the spinal accessory , or 
the accessorius Willisii as it is 
sometimes called, is a part of 
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Fi(i. 656. —Th(i functions of the cranial 
nerves. A, smelling and seeing (I, II). 
B, smelling and seeing (I, II); conver¬ 
gence and accommodation (III); depres¬ 
sion of eyeballs (III, IV); mastication 
(V); salivation and tasting (VII, 1A); 
swallowing (A, XII); tongue movements 
(VII). C, a moment of vigilance, with 
outward rolling of the eve (VI); facial 
and ear movements (VII); listening 
(VIII). D, digesting (X). The only 
omission is the spinal accessory (XI), 
supplying certain neck muscles, which 
may have been used various times in 
this sequent- (As summarized by Dr. 
Stanley Cobb, in Stiles, The Nervous Sys¬ 
tem and its Conservation. W. B. Saun¬ 
ders Co.) 


dependent nerve only in mam¬ 
mals. It is a motor nerve 
without sensory elements and 
supplies the muscles of the 
shoulder girdle. 

(k) Hypoglossal Nerve (XII). 
—The hypoglossal nerve , like 
the Xth, was probably made 
tip originally of more than a 
single pair of nerves. Jt has 
lost its sensory fibers. It first 
became included with the cra¬ 
nial group in reptiles. 11 serves 
the muscles of the tongue, 


reaching its highest efficiency in man by enabling him to retract 
his muscular tongue after il has been impolitely extended. It is 
not so effectual, however, in the more difficult task of retracting 
anything he may chance to say by the aid of his tongue. 

The functions of the cranial nerves are cartooned in Figure 656. 


X. The Autonomic Nervous System 

Much of the routine work of the body, particularly of the cir¬ 
culatory and respiratory apparatus, of the viscera, and of the 
smooth muscles, is regulated and performed by an extension of the 
nervous system proper, called the autonomic nervous system , be- 
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cause of its self-regulating character, and its independence of the 
dominance of the will (Fig. 657). 

Some of the functions which this supplementary nervous system 
automatically cares for are (1) peristaltic movements of the diges¬ 
tive tube; (2) muscular regulation of the varying caliber of the 
blood vessels and respiratory passages; (3) control of the skin 
glands and smooth muscles; and (t) adjustment of the size of the 
pupil of the eye in admitting 
a variable amount of light 
to the retina. 

Taking over the routine 
drudgery of living, the auton¬ 
omous involuntary system 


receptor neuron 
retaq neuron 


releases the central voluntary Sqmpalhetic pangfrrj 
system for higher adventures 
in nervous activ ity. 

The involuntary autonom¬ 
ic machinery, like that of 
the voluntary apparatus, is 
made up of neurons, arranged 
in libers, ganglia, and plex- 
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Grracj ramus 
..Spinal nerve 


effector neuron 


7 


.... Blood-vessel 


Ftcj. 6.77.—Diagram to show tho relation 
uses. Tliero is no clear line . hain u>lli<-.imo.cord. 

(Ailrr Sehiirikowitsih.) 

of demarcation between the 

voluntary and the involuntary movements produced except that 
involuntary ones are more en. masse and not. as delicately coordi¬ 
nated as those of the \oluntarv nervous system. 

The neurons of the autonomous system are essentially efferent, 
and have to do with correlating the activities within the body, while 
the voluntary cerebro-spinal system, that is primarily concerned 
with environmental adjustment, may be characterized as having a 
preponderance of afferent neurons. 

The plan of the neurons of the involuntary apparatus may be 
best understood by comparing it with the plan of the voluntary 
apparatus, with which, in spite of its apparent independence, it 
maintains intimate connections. Taking the typical arrangement 
of the neurons of a spinal nerve of the voluntary system, as repre¬ 
sented on the left side of Figure 658, there are seen to be three nu¬ 
clear centers, namely, (1) the afferent or sensory neuron of the dor¬ 
sal ganglion; (2) the efferent or motor neuron in the ventral horn 
of the gray matter within the cord; and (3) the relay neuron, lying 
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entirely within the gray matter of the cord and connecting the 
afferent and the efferent neurons. 

Each of these three kinds of representative neurons many times 
multiplied in number, together form the essential structure of the 
voluntary system. 

If now, according to Gaskell, the nuclear center of the efferent 
neuron may be imagined to migrate by way of the ventral root to 
a new headquarters or ganglion of its own quite outside of the cord, 



Fig. 658. —Reflex paths in the cord. A, of the voluntary system. The recep¬ 
tor neurons run in the dorsal rool, their cells lying in the dorsal ganglion. 
Relay neurons have their cell bodies in I he dorsal horn and connect with the 
effector neurons in the ventral horn. B, of the involuntary system. The recep¬ 
tor neurons as in the voluntary system. The relay neurons are drawn down 
so thal their nuclei are in the lateral column region of the gray area, while their 
fibers form the ventral root and extend to the sympathetic ganglion as the white 
ramus.- The fibers of the effector neurons leave the sympathetic ganglion as 
the gray ramus, going to make a parL of the spinal nerve. (After Gaskell.) 

as shown on the right side of Figure 658, at the same time pulling 
down the relay neuron into the ventral root, the essential difference 
between the two plans of neurons will be clear. An autonomic 
ganglion outside of the nerve cord has by this second plan been 
established with efferent motor fibers, which extend directly by a 
single neuron from the ventral gray region of the cord all the way 
to the effector muscle, now requiring two neurons to reach the 
effector objective, with a synapse in the ganglion. 

Preganglionic fibers, extending from the central nervous system 
to the ganglia of the involuntary system, are medullated, forming 
in the thoracico-lumbar region the white ramus communicans. 
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Postganglionic fibers of distribution, rami viscerates, which radiate 
from the involuntary ganglia to various organs, are unmedullated 
and form the gray ramus that extends to the effector terminals 
(Fig. 657). 

The number of autonomic ganglia originally corresponds to the 
number of cranio-spinal nerves, but at birth is reduced atid sub¬ 
sequently loses its regular rnetameric sequence. As a result of this 
reduction the involuntary series in man includes three pairs of 
cervical ganglia, ten to twelve pairs of Ihoracic, four pairs each of 
lumbar and sacral, and only one, pair of coccygeal ganglia. While 
retaining their original connection with the central nervous system 
by means of the ramus communicans, the involuntary ganglia 
become joined into two longitudinal chains on either side of the 
backbone and dorsal aorta by means of inter ganglionic fibers. They 
are usually joined also from side to side by transverse jibers like the 
rungs of a ladder. 

There are thus typically four different avenues of communica¬ 
tion centering in the autonomic ganglia, namely, (I) rami com- 
municans, connecting with the central nervous system; (2) rami 
intergangliones, from one ganglion to another longitudinally; 
(3) rami transversales, from one ganglion to its mate on the op¬ 
posite side; and (4) rami viscerales, from the synapse in the 
ganglion to the end organ affected. 

Between the main involuntary ganglia and the parts they sup¬ 
ply, still other relaying substations are present in the form of so- 
called collateral ganglia , which are intimately arranged next to the 
dorsal aorta and the digestive trad, and terminal ganglia that are 
dose to or embedded in the structures they innervate. 

The fibers of the autonomic system are prone to form plexuses 
by anastomosing together. Chief among these plexuses are the 
cardiac, solar, and hypogastric, the names of which indicate their 
associations. The largest of these is the solar plexus, from which 
radiate fibers to the diaphragm, spleen, liver, kidneys, aorta, heart, 
pancreas, small intestine, colon, and reproductive organs. A “blow 
on the solar plexus,” if is obvious, is likely to have far-reaching 
repercussions quite as effective as the traditional “monkey wrench 
thrown into the machinery.” 

Preganglionic motor fibers between the central nervous system 
and the auxiliary ganglia of the involuntary system (rami com- 
municantes) leave the central nervous system through the ventral 
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roots of the cranio-spinal nerves by three general outflows (Fig. 659), 
namely, bulbar, ihoracico-lumbar, and sacral, which are topograph¬ 



ically separated somewhat from each other by two large 
voluntary plexuses, the brachial , and the lumbo-sacral, 
that mark the nerve supply to the muscles of the limbs. 

The bulbar outflow of the brain has two origins, one 
(Fig. 659, A.) in connection with the oculomotor nerve 
(111) of the mesencephalon by way of the ciliary gan¬ 
glion, being concerned with t he involuntary control of the 
ciliary and iris muscles of the eye, and the other (Fig. 
659, B) from the myeleneephalon, involving parts of the 
Vllth, lXtli, and Xlh cranial nerves, and supplying the 
salivary glands, heart, blood vessels of the mouth and 
throat, and the muscles of the small intestine, as well as 
the bronchi, liver, pancreas, and kidneys. 

The Ihoracico-lumbar outflow (Fig. 659, C) goes to the 
same parts as the bulbar outflow, with the exception of 
the salivary glands, and, in addition, it supplies the large 
intestine, urogenital apparatus, and the involuntary 
muscles, blood vessels, and glands of the skin. 

The sacral outflow (Fig. 659, I)) goes from the spinal 
cord with the three foremost sacral nerves to the bladder 
and genital organs, as well as to the large intestine and 
its derivatives. 

The bulbar and sacral groups are classified together 
as the parasympathetic part of the autonomic nervous 
system, while the thoracico-lumbar part forms the sym¬ 
pathetic system. The reason for this classification is a 
difference in response to certain chemical tests. If ad~ 


Fig. 659. - Diagram of the central localization of the cerebrospinal visceral 
nerve connections A, mid-brain autonomic (sphincter of iris and ciliary mus¬ 
cles); R, bulbar autonomic (heart, blood vessels of mucous membrane of head, 
salivary glands, walls of digestive, tract from mouth to descending colon, in- 
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tract between mouth and rectum, art eries of skeletal muscles, muscles of spleen, 
ureter, and internal generative organs); D, sacral autonomic of second and 
fourth sacral (arteries of rectum, anus, and external generative organs, walls 
of bladder and urethra, walls of descending colon to anus). (From Herrick.. 
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renalin , air op in, muscarin , or pilocarpin is injected intravenously, 
the tissues supplied by the sympathetic thoracico-lumbar outflow 
contract, while those of the parasympathetic bulbar-sacral outflow 
remain unresponsive. Contrariwise when acelyl-cholin is used, the 
parts supplied by the parasympathetic outflow respond while 
those of the sympathetic outflow do not. 

The sympathetic and parasympathetic outflows usually act 
antagonistically, with the result that an organ supplied by them 
can be either stimulated or inhibited in its response, and in this way 
regulated in its action by alternate work and restoration. For 
example, the sympathetic nerve supply to the radial muscles of the 
iris tends to tighten, and at the same time to allow the circular iris 
muscles to slacken, while the reverse is true in the action of para¬ 
sympathetic nerve fibers supplying the same parts of the iris. 

In arnphioxus there is no involuntary nervous system, but in 
cyclostomes ganglia unconnected by means of interganglionic 
fibers are established in the body region. Klasrnobranehs and 
perennibranchiale amphibians show an advance, in that a net¬ 
work of fibers connects some of the trunk ganglia with each other. 
In teleosts a thin trunk-line of interganglionic fibers is present with 
frequent transverse rami, while the Vth, \Illh, IXth, and \.lh 
cranial nerves form a bulbar outflow that extends the involuntary 
system into the head, hi Salientia only the Ath nerve is involved 
in the parasympathetic part, of the involuntary system. It. is not 
until the amniotes are reached t hat the primary involuntary system 
of the trunk becomes definitely extended to both cranial and 
sacral regions. 

The viscera are thus under nervous control of two sorts, one 
centering in the ganglia of the involuntary autonomic system, and 
the other in the central nervous system. In the latter case, how¬ 
ever, stimulation or inhibition, as the case may be, is usually 
unconscious, acting through the channels of the involuntary appa¬ 
ratus. Such somatic fibers are really not an integral part of the 
involuntary system, although incorporated within it. 

There is in addition considerable, non-nervous control of the 
viscera through hormones produced by endocrine glands, as when 
secretin from the intestinal wall, warned by the approach of acidu¬ 
lated food, stimulates tlic flow of the pancreatic juice from the 
pancreas. 

Again the close connection between the autonomic system and 
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hormonic control is shown by the fact that at the time when the 
neuroblasts, or embryonic neurons, migrate out from the thoracico- 
lumbar region to form the involuntary ganglia, they are accom¬ 
panied by certain so-called chwmaffine cells that have the power to 
secrete adrenalin. These cells eventually become localized in the 
suprarenal glands, where they produce the hormone adrenalin, 
which has a marked effect upon smooth involuntary muscles. 

The will, or the exercise of the voluntary apparatus, can affect 
the action of the autonomic syslem under certain circumstances, 
as for example, when man, as contrasted with animals, sets up 


definile arbitrary times for eating and sleeping. This is conscious 


control of a more or less unconscious performance. 1 nhibition of the 


unconscious machinery of digestion (an be brought about in¬ 


directly by conscious worry originating in the realm of the volun¬ 


tary nervous apparatus. 



CHAPTER XX 


PORTS OF ENTRY 
(SENSE ORGANS) 

I. In General 

Communication with the outside world is made possible by 
sense organs that form the peripheral part of the nervous sys¬ 
tem. 

They are essentially environmental organs that by way of the 
sensory nerve libers with which they are connected receive and 
transmit impressions of what is happening in the surroundings. 
By themselves they do not sense or feel these happenings, for they 
are simply avenues of approach to the central nervous system 
which is the particular part of the body endowed with the power of 
sensation. When one, for example, “feels” a pin-prick in the finger 
tip at the point where the contact is made rather than in the brain 
where the sensation actually occurs, it is because he has become 
accustomed to refer all sensations to the point where the stimulus 
originates, and mistakes the gun for the man behind the gun. One 
does not see with a pair of glasses but through them. 

It all goes back to remote evolutionary days when the function 
of sensation actually was located at the surface in that part of the 
body exposed directly to outside bombardment. Although the 
receptive sensory tissues of a living animal are originally ectoder¬ 
mal in origin and external in position, they do not remain in this 
exposed situation but in the course of time become for the most 
part buried within the protective body, in this way being shielded 
from direct impact with the strenuous and constantly changing 
outside world. 

The withdrawal of the central nervous system from direct 
external influences necessitates the establishment of peripheral 
nerves in order to retain connection between the central nervous 
apparatus and the surrounding environment. Since nerve fibers 
in themselves are not so well adapted for the reception of outside 
messages as for the transmission of them, specialized sensory 
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structures that are outposts, like sentries on guard around a camp, 
are required to keep in touch with the environment. 

These intermediary structures between the organism and its 
surroundings are commonly known as “sense organs,” although it 
is preferable to call them receptors , since not, all impressions re¬ 
ceived through them result in sensation. In fact sensation is only 
an incidental result of receptor excitation. 


1. STIMI1J 

A stimulus , which is something that a receptor receives, is de¬ 
fined by Stiles as “a change, physical or chemical, wTiich is capable 
of producing physiologic reactions.” 

It may come from the outside in the form of environmental 
changes of various sorts, or it may arise from processes going on 
within the organism, as when the production of carbon dioxide in 
the blood stimulates the respiratory center in the medulla with the 
result that the muscles involved in breathing are set into action. 

The essential thing about any st imulus is t he element of change , 
or the fact that something different in kind or degree is taking 
place in the surroundings of an animal. 

Constantly repeated or long enduring stimuli fail to register 
sensation, as for example when the hum or roar of city traffic fades 
with fatiguing repetition and only becomes noticeable again when 
there is a change in the character or intensity of the sounds pro¬ 
duced. It is possible, therefore, to become oblivious to extraneous 
happenings that are irrelevant to certain sense organs involved, 
thereby gaining a high degree of efficiency in the reception of 
specific stimuli upon which the attention is focussed. 

As pointed out long ago by Helmholtz, sense organs cannot give 
a true picture of the actual environment in which we live, but only 
of the changes taking place in it. 

The continuous regularly repeated heart-beat, or the constant 
waving of cilia do not require a fresh stimulus for every muscular 
movement that they make. Neither do processes of growth and 
repair call for sensory stimulation. 


2. RECEPTORS 


Receptors are generally cells or organs that are specialized to take 
in impressions of a single kind , and no others (Muller’s Law). 
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Such receptors are said to be “adequate” for the stimulus in ques¬ 
tion. The eye is adequate for light, and taste organs for the chem¬ 
ical stimulation of dissolved substances, but neither is adequate for 
the reception of sound waves. This exclusive adaptation to only 
one type of stimulation is a very great advantage since in this way 
protection is gained against unnecessary annoyance arising from 
stimuli other than the one to which the receptor in question has 
become adapted. The sensory elements of eyes and ears, for exam¬ 
ple, while retaining a clear pathway for exposure to the stimuli of 
light and sound respectively, are meanwhile protected from chem¬ 
ical and tactile stimulation, as well as from temperature changes. 
In the same way smell and taste organs, although in an ideal situa¬ 
tion to be affected by gases and liquids, are not. particularly ex¬ 
posed to mechanical contacts or to the impact of waves of sound or 
light. 

Many receptors that, arc entirely adequate for their own kind of 
stimuli can gain relief from excessive or incessant, bombardment, of 
stimuli by being temporarily excluded from even their own particu¬ 
lar sort of stimulation. 'Thus it is possible to shut out light for the 
lime being by closing the eyes, and to cease from lasting things by 
keeping the mouth shut. 

Sometimes a receptor is acted upon by a stimulus for which it is 
not adequate or appropriate. When menthol is rubbed into the 
skin a feeling of cold results instead of the usual chemical response 
of smell, or if a vibrating tuning-fork is placed on the. tip of the 
tongue, instead of hearing a sound, the result is a tickling sensation 
which is a form of touch-response. In these instances the thermal 
sense endings in the skin are inadequate receptors for the chemical 
stimulation produced by menthol, and the tactile buds on the tip 
of the tongue are inadequate receptors for the sound waves from 
the tuning-fork. In both cases it is the central nervous system and 
not. the stimulus or the receptor that is responsible for the, particu¬ 
lar sensation that, is experienced. It is entirely possible for sensa¬ 
tion to occur in the complete absence of a receptor, as in dreams, or 
when the stimulus comes in through a port, of entry not, adequate 
for it. 

In any case the impulses that, give rise to sensations do not orig¬ 
inate with the receptors but are simply transferred through them to 
the sensory headquarters within. When we blame our innocent 
feet for being weary after tramping for hours through a museum or 
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art gallery, the inaccessible brain within calls no attention to its 
guilty self but lets the illusion pass without protest. 

When one realizes how easy it is to have sensory illusions of all 
sorts, and how variable the central judgment may be upon the 
“evidence of the senses,” not only in the case of different individ¬ 
uals reacting to the same, circumstances but also of the same in¬ 
dividual at different times, it is small wonder that lawyers have 
difficulty in extracting the truth even from perfectly honest sworn 
witnesses, since natural limitations compel us all to “see through 
a glass darkly.” 


3. RESPONSE 

Protozoans have no hook-up between sense organs and a central 
nervous system, but nevertheless are in responsive communica¬ 
tion with their environment, and may, therefore, be properly 
referred to as sensoria. The same is true of plants, which have no 
nerves, although responding definitely to environmental stimuli, 
such as light, temperature, moisture, and gravity. In fact irrita¬ 
bility , or the capacity to respond to stimuli, is an essential uni¬ 
versal property of protoplasm. The sensory receptors of higher 
animals an; simply cellular structures that have specialized in 
this general endowment of irritability. 

Response to stimuli resulting from environmental changes may 
take the form of (1) muscular contraction; (2) glandular secretion, 
or (3) e\eu the more involved processes of psychic performance. 

There are upper and lower limits in llie receptixe range of 
human sense organs. "Finis, t he range of vibrations which st imulale 
the human ear as sound lie approximately between 16 and 10,000 
per second, while the range of the visible spectrum to the human 
eye is between 181 billion ether waves per second al the red end, 
and 701 billion al the violet end. Outside of these extremes hu¬ 
man receptors are ineffective with respect to either sound vibra¬ 
tions or light waves, and except within such limits one can neither 
hear nor see. 


1. SENSORY KANGE TIN AMMALS 

The sensory range of animals other than man is usually not 
only unlike that of man but may also extend beyond it. Cats, 
for example, are known to respond to higher tones than are 
perceptible to human ears; ants, subjected to a field in which 
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light is broken up by a prism into components of the spectrum, 
arrange their exposed pupae with reference to ultra-violet light 
that is invisible to the human eye; dogs perceive a repertory of 
odors of which man knows nothing; and house (lies distinguish the 
difference between cane sugar and saccharin which to the human 
tongue taste alike. 

Birds upon a battlefield, it is reported, are apparently not alarmed 
by the terrible crash of exploding cannon, continuing to sing and 
to fly about as usual since the whole unusual performance is 
quite beyond their customary range of reception. The picture 
of a mouse, however lifelike, awakens no interest when placed 
before the eyes of a hungry cat. 

The character of any sensation depends not on the nature of 
the impression received but on the properties of the brain cells 
to which the impression is referred. 

Owing to the specialized receptivil y of different kinds of receptors 
for particular stimuli, and the largely variable subjective element 
that has so much to do with the use made of sense organs, it is 
extremely uncertain how far our knowledge about the sensory life 
of animals other than ourselves is dependable. Even in the case 
of other human beings with a sensory equipment apparently 
quite like our own. we can only infer what the sensations experienced 
by mut ual stimuli are'like. 

It becomes necessary with regard to animals having receptors 
and a central apparatus unlike that of man to resort to observa¬ 
tion of objective behavior resulting from the application of some 
particular stimulus, in order to make any reasonable guess as to 
how they “feel* 1 in such experimental circumstances. Behavior, 
moreover, is by no means always a safe criterion on which to 
depend, for a responding animal may not do what man or some 
other animal might do under the same conditions. Similar move¬ 
ments do not necessarily express similar sensations. For example, 
when a friendly dog wags its tail, it portrays an entirely different 
state of mind from that of an excited tiger, lashing its tail back 
and forth. It is especially embarrassing for man, whose tail is only 
an evolutionary memory, to try to pass active objective judgment 
on the feelings that find expression in tail movement. 

Naturally the more unlike man an animal is, the more uncertain 
must be the human interpretation of the world in which the animal 
lives. The classical story of Apuleius of The Golden Ass, in 
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which the hero by witchcraft experiences an interlude of being 
an animal, suggests to the exploring biologist an illuminating line 
of imaginary research and speculation. 


5. ACCESSORY STRUCTURES 

Rallying to the aid of the specialized sensory cells, which are 
the essential receptors, is an army of various accessory cells serving 
as nourishers, protectors, and magnifiers in the make-up of the 
complicated sense organs. 

Ectodermal receptors may be scattered in integumentary sense 
organs, or be clustered together and surrounded by (‘ells and tissues, 
largely of mesodermal origin, that are responsible for the elaborate 
differences which characterize the various sense organs. 

As might be expected, the least morphological complication is 
found in receptors of the more primitive aquatic animals. The 
transition to land life, with consequent access to a wider range of 
stimuli, has been invariably accompanied by an increased differ¬ 
entiation in the structure of the receptor organs; nevertheless 
among the highest land vertebrates the essential sensory receptor 
cells of elaborately specialized sense organs, such as the ear, are 
still bathed in fluid as are the more primitive receptors of aquatic 
forms. 

In nearly all cases the sensory receptors are particularly pro¬ 
tected from mechanical injury. Eyes are housed in sunken skeletal 
orbits; the sensory parts of the ears are entirely embedded within 
cartilage or bone of the cranial wall; the olfactory epithelium is 
safely concealed upon tlie inner wall of cavernous nasal pits; the 
organs of taste are inside the mouth cavit y behind closing jaws; 
even the cutaneous organs of temperature, pain, touch, and pres¬ 
sure, which are located in the exposed skin, are in many instances 
either sunk below the surface, or surrounded by an individual bar¬ 
ricade of non-sensitive, protective cellular materials. 


II. Classification of Receptors 

The old subjective classification of the sense organs into touch, 
smell, taste, sight, and hearing is no longer sufficiently inclusive, 
for there are nearer twenty-five than five different kinds of recep¬ 
tors tliat can be distinguished in man alone, not to mention addi¬ 
tional ones which characterize animals other than man. 

By considering receptors in relation to their adequacy for par- 
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ticular stimuli rather than the sensations produced through them, 
an objective rather than a subjective basis is found for their classi¬ 
fication, making possible not only more accurate description but 
also the inclusion of certain known receptors for which no corre¬ 
sponding sensation is recognized. 

Classifying receptors first in accordance with the source of the 
stimuli for which they are adequate, there are three major groups, 
designated by Sherrington as exteroceptors , whose stimuli come 
from the outside; and proprioceptors , and interoceptors , whose 
stimuli arise within the organism itself. 

Exteroceptors receive mechanical, chemical, and radiant stimuli. 
The more deeply seated proprioceptors have to do with the control 
of the musculature and the working of parts of the body upon each 
other, while interoceptors are associated primarily with the diges¬ 
tive trad and things like food within but not a part of the body. 

Exteroceptors are environmental organs proper, dealing with the 
objective outside world, while proprioceptors and interoceptors 
are more subjective and personal, leading to sensations more 
difficult to define, such as hunger, l hirst, fatigue, muscle tonus, 
sexual excitation, visceral pain, nausea, and the general sense of 
well-being. 

Although it is possible for the physicist by means of such gadgets 
as dynamos, thermopiles, telephones, chemical solutions, photo¬ 
electric cells and the like, to convert all the various stimuli arising 
in the external environment to t he common denominator of electric 
energy, man and animals are not. provided with any specific re¬ 
ceptors for the electric current itself. If they were, universal 
electric sense organs might replace the diversity of receptors which 
have been evolved. 

The following table gives an arrangement of receptors with the 
stimuli for which they are adequate and, so far as possible, the 
sensations which in each case result. 


'Fable of Classification* 


1. Outside sources. ... .Exteroceptors 

1. Mechanical stimuli 

a. Temporary contact Tangoreeeptors 

b. Vibratory contact. . .Phonoreceptors 

c. Intensive contact . . Algesireceptors 

d. Currents of water. . .. Rheoreccptors 
c. Currents of air. . . . Anemoreceptors 


Touch, Pressure 

Hearing 

Pain 

Orientation 

Orientation 
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2. Chemical stimuli 

a. Gases.Olfactoreceptors 

1). Liquids.Gustorcoeptors 

c. Irritating substances Irritorereptors 

3. Radiant stimuli 

a. Thermal.Caloreceptors 

b. Thermal. Frigidoreoeptors 

c. Photic. Photoreceptors 

II. Inside sources 

1. M oscular control. . Proprioceptors 

2. Alimentary control. . Interoceplurs 


Smell 

Taste 

Irritation 

Heat 

Cold 

Sight 

Tonus 

Hunger, Thirst 


For convenience in description receptors may be grouped into: 

1. Cutaneous sense organs 

2. Special chemical sense organs 

3. Gravity organs 

4. The master senses of hearing and sight 

5. Internal sensory mechanisms 


III. Cutaneous Sense Organs 

The sense organs of the vertebrate skin include a variety of 
kinds, among which are organs of touch and pressure, temperature, 
pain, and in some aquatic forms, taste, and lateral-line organs that 
are stimulated by currents of water. 

Some of these cutaneous organs also invade the mucous mem¬ 
branes that line the passage-ways into the body, particularly in the 
transitional region between the exposed skin on the outside and the 
moist mucous lining within. 

There is an evolutionary tendency for cutaneous receptors to 
withdraw from their original position directly at the surface of the 
skin. This is particularly true in land forms whose skin is exposed 
to dry air, thus necessitating eedysis or the periodic removal of the 
dead outer corneal layer. It is an obvious advantage when eedysis 
does not disturb sense organs located in the skin, since special¬ 
ized neurons are not adapted, as are less elaborated cells, for 
renewal by mitosis. In most aquatic vertebrates where there is 
not much need for eedysis the primary superficial location of the 
sense receptors is common. Upon assuming a deeper position 
sensory neurons extend their receptive dendritic processes towards 
the surface and the source of stimulation. These processes may 
either end freely between the cells of the skin, or they may ter¬ 
minate in intimate relation with some sort of an accessory ap¬ 
paratus that acts as a stimulator , or non-nervous mechanical inter- 
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mediary between the receptor itself and the stimulus. The stiff 
“whiskers,” or vibrissae , of a cat, for example, transfer the stim¬ 
ulus of mechanical contact to deep receptor neurons, dendrites 
of which form a brush or net around the embedded ends of the 
vibrissae (Fig. 660). Cutaneous receptors are the 
most numerous and widely scattered of any sense 
organs. 

1. TANGORECEPTORS 

The tactile sense is the most universal and un¬ 
avoidable of all the means of communicalion be- Fig. 660.— 

tween the organism and its environment. While N ( ' rv ® endings 
... -ii.i i i . around the base 

it is quite possible to close the eyes and ears against (> f u G f a 

sights and sounds, or to avoid the chemical stimuli white mouse. 

that lead to taste and smell, it is not so easy no^j ( ? z r ^ Zym °" 

for a body of three dimensions to escape from 

contact with the gases, liquids, and solids surrounding it. 

Tangoreceptors give an idea of the weight, size, shape, surface, 
texture, and general character of objects within reach. Touch is 
not only the most universal of the senses, but it is the great con¬ 
firmatory sense, bearing supplementary witness particularly to the 
major sense of sight. A baby, for example, never discovers its 
toes by simply gazing at them, for it is only when it accidentally 
grasps them in its exploring lingers that it joyfully recognizes 
them as its own. 

When touch is sustained beyond transient contact, it becomes in¬ 
terpreted as pressure . Although in many instances the same 
receptors give Ihe sensations of both touch and pressure, there is a 



difference between the two sensations. The sense of touch is more 
definitely localized both in time and space and \aries in intensity 
from that of pressure. There are certain receptors for pressure 
alone, such as the gravity organs of equilibrium, and even in 
plants specialized (‘ells are found, the contents of which are so 
arranged as to result in geolujis , or growth with reference to the 
center of the earth. 

While widely scat tered, tangoreceptors are by no means equally 
distributed throughout the skin, but are placed more abundantly 
in locations where they are most likely to come into contact with 
external objects. Thus in man the knee is more sensitive to touch 
or pressure than the thigh, and the friction areas on the inside of 
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the hands and feet than on the scalp. The concave surface of the 
curving tail of the spider monkey, Aides (Fig. 209), is bare of 
hairs and richly supplied with organs of touch, because this ac¬ 
tive animal makes constant tactile use of the tail in its arboreal 

adventures. In fact there seems to 
be a reciprocal relation between 
the presence of hair in l he mam¬ 
malian skin and specific tactile 
organs, just as in birds the organs 


ik—-*,cultcle 



B 


i 




j cuticle 


hypoBermift . ___ 

talent membrane 


hyPOdcm ' ,i of touch are confined mostly to 
those parts that are devoid of 

Fin. 661.- Diagrammatic reprc- feathers. The belly of climbing 

scntation of a portion of 1 hr body- -in • i • .• 

i, .* i i , ■ animals like squirrels is particu- 

wall oJ a hue. bearing a corneal or 1 1 

tuberculide “hair/’ A. a piece, of larly well supplied with tango- 

the body-wall, bearing (wo “hairs;” receptors, and even on the inside of 

B, section through the base of a .1 i* *• .11 r 1 

tt 1 • *1 / * r, c , x the ioreann of the human tetus 

hair. (Alter Snodgrass.) 

(Fig. 200) tliere are transient tac¬ 
tile hairs which hark back to the dim past when arboreal an¬ 
cestors clung to branches of trees. 

Scaly reptiles, in addition to the development of a highly tactile 
tongue, have oil her non-sensitive corneal “hairs" similar lo those 
on a bee (Fig. 661), that act mechanically as simulators upon the 
sensory receptors embedded in the skin below, and are shed at 
eedysis with the scales on which they grow, or else certain of the 
scales are penetrated by small pores, 
through which cutaneous laiigoreccptors 
gain access to outside contacts. 

Not. much is known about the organs 
of touch in the skin of fishes ami am¬ 
phibians. Certain sensory terminal buds 
have been demonstrated in the connective 
tissue at the base of the fins in elas- 
mobranchs, while (here is little doubt 
that the barbules dangling around the mouth of such bottom- 
feeding fishes as the catfish, Arniuriis , have a cellular equipment 
which enables them to act as “feelers." In general the scaly 
skin of fishes and reptiles excludes tangoreceptors. 

In amphibians the mucous membrane covering the tongue 
is sensitive to touch, and in snakes there are sense cells in 
the flickering protrusible forked tongue, all hough specialized 



Fin. 662. - Merkel’s tac¬ 
tile evils, from the snout 
of a pig. (After Tret- 
jakolL) 
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tangoreoeptors in the skin have not been demonstrated in 
these animals. It is in mammals that, tangoreoeptors reach 
their greatest elaboration and have been most 
studied. 


Fio. 663. An 
o n <1 bull of 
Krause The 
same gen or til 
s t r ii c turc is 
seen as in the 
Yatcr-Pacinian 
corpuscles (see 
Fig. 665). but 
Ibis sense oigan 
is heller adapt¬ 
ed lo its position 
between muscle 
libers. (After 
J)rui born.) 


In addition to the tactile nerve endings which 
terminate freely between the cells of lhe skin, 
there may occur modifications whereby the den¬ 
drites of sensory neurons are enclosed in capsules 
of varying complexity, thus increasing the effec¬ 
tive surface which is exposed lo contact. 

For the most part free nerve endings that 
penetrate into the epidermis arc confined to the 
lower cellular layers while the eneapsuled nerve 
endings are located in the outermost regions of 
the derma. Instead of extending between the epi¬ 
dermal cells, certain nerve endings, the so-called 
BuJ]ini endings, spread out just below the Mal¬ 
pighian layer making a net like mat that picks up 
contact stimuli over a relatively larger area than 
ordinary branching arborizations do. 

Of the types of tangoreoeptors that make use 
of accessory noil-nervous structures the simplest are Merkel's cor¬ 
puscles (Fig. 662) in which I he exposed ends of the dendrites form 

cups, each lilting under an epithelial 
stimulator cell. Whenever such cells are 
agitated by contact, the stimulus is re¬ 
ceived b> I he cuplike enfolding tips of 
the tangorcccplor cells and transferred 
to the brain, with 1 he resultant sensa¬ 
tion of touch or pressure. In this case 
the noil-nervous stimulator cells are 
larger and more likely to effect a contact 
with something outside than free inter¬ 
cellular nerve endings would be. Merk¬ 
el's corpuscles arc particularly abundant on the exploring tip of 
a mole's nose or the rooting snout of a pig. 

Of the various kinds of eneapsuled tangoreoeptors may be 
mentioned the Krause end bulbs in the sensitive mucous membranes 
of the mammalian tongue and lips, in mammary glands, and in the 
conjunctiva of the eye (Fig. 663); the Golgi-Mazzoni end bulbs in 






x 

nerve 
Conn, tiss 

envelope 


Fig. 60i. A Golgi-Maz- 
zoni corpuscle, from I he 
edge of the conjunctiva in 
man. (After Wicdershcim.) 
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the corium of the finger tips, in the external genitalia of man, 
and the moist snouts of grazing cattle (Fig. 664); and the Vater - 
Pacinian corpuscles in the subcutaneous layers 

of the skin, as well as even 
deeper in tendons and joints, 
in the pleural walls, around 
the larger blood vessels in 
the diaphragm, and in the 
peritoneum and mesentery 
of the body cavity (Fig. 665). 


Mi* n 

. • . '/ : 




ui wit; uuuj cavity i^rig. uuo;. F j g. 666. Gran- 

mi 7 , . . dry’s corpuscle, con- 

The Vater-Pacinian corpus- si ; tillRol {, W()Sensibil . 

Fig. 665. A Va- cles are the largest and mi- ator cells with nerve 
ter-Pueinian corpus- croscop j ca Hy the most elab- ( ‘ ndin K M between 

cle. (After Plate.) . f ,, 4 . them. (After Dogiel.) 

orate oi all tangoreceptors. ° 

The terminal branches of the receptor neuron are enwrapped by 
successive layers of connective tissue, like a Dutch vrouw’s petti¬ 
coats, the whole structure being easily visible to the naked eye. 

A similar but less elaborate mechanism, Grandrys corpuscles 
(Fig. 666), found only along the margins of the beaks of birds 

like sandpipers and ducks, consists of two 
large, disclike, noil-nervous stimulator cells 
with nerve endings from a sensory neuron 
sandwiched in between them, the whole 
'-I v J \ ( R nl packet being surrounded by an envelope of 

connective (issue. 

The so-called Uerbsl corpuscles (Fig. 667), 
likewise found only in the mouth parts of 
birds, consist of two rows of lion-nervous 
stimulator cells arranged on either side of 
a neural core within a capsular sheath. They 
are distributed not only within the mouth 
cavity but also between certain muscles and 
Fig. 667. - Tlerhsi’s hi areas of the skin that are comparatively 
corpuscle from longue free from feathers. 

ol «t duck. (Alter Finally, Meissners corpuscles (Fig. 668), 

which occur in the friction areas of the skin 



of primates, resemble highly elaborated (irandry corpuscles, but 
instead of two, there is an irregular pyramid of non-nervou-* 
stimulator cells, interlaced by the branching ends of sensors 
receptor neurons, the entire mass being enclosed in a sheath 
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When pressure is applied to a Meissner corpuscle the whole ap¬ 
paratus compresses like an accordion and the squeezed arboriza¬ 
tions of the tangoreceptor send along to the brain the sensation 
which is translated as touch or pressure. Meissner corpuscles 
are also the sense buds that form the sensory papillae just below 
the epidermis along the friction ridges of the finger 


tips (Fig. 134), which make the fingers such delicate 
and effective organs of touch. Removing a glove 
before shaking hands has a physiological as well as 
a social reason buck of it. 

While tangoreceptors are usually concerned only 
with actual contact, there is some evidence that 
they aid in determining the presence of nearby ob¬ 
jects, possibly through pressure resulting from in¬ 
tervening air currents. A blind person, for example, 



Fkj. 668.— 
Meissner's lac- 


whose tactile senses have become coinpensatiugly 
sharpened, is uncannily aware of the neighborhood 
of a wall which he may be approaching before he 
bumps into direct contact with it. 

Spallanzani (1729-1799) long ago discovered that 
a bat even after it had been blinded was still able 


tile corpuscle 
(stained with 
gold chloride), 
within a papilla 
of the skin of the 
hand. (After 
Hanvier.) 


vhb 


iv; 




* <** 


to avoid a maze of strings stretched across a chamber. The re¬ 
sult of this classical experiment is not so much to be wondered 

at when it is remembered that bats are not only 
naturally active at twilight, a time when depend- 
v-*«: ei,ce u P OQ hi avoiding obstacles and in en- 

countering insect prey upon the wing is of much 
lessened importance, but also that microscopic ex- 

Sensor ^ear ’of am hiation reveals many thousand sensory hairs 
a hat, Rmbal- over ihc surface of their membranous wings, mark- 
lonura. (After mg the presence of special tangoreceptors. The 
Mower.) large upstanding ears of these flying mammals 

(Fig. 669) are likewise abundantly supplied with sense organs of 
touch and presvsure. 

The fact that the delicate skin of infants is evidently more 
sensitive than that of adults is partly due to the stretching of the 
growing skin, resulting in an increase of the spaces between the 
tangoreceptors. 

Discrimination in touch varies in different regions of the skin. 
It may be measured by recording the minimal distance at which the 
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line points of a lightly placed pair of callipers may be distinguished. 
For example, Burlon-Opitz gives the following table of response: 

mm 

Palm of the last phalanx of finger. . . 2.2 


Tip of nose. 6.6 

Back of second phalanx. 11.1 

Back of hand. 29.8 

Forearm .. 39.6 

Sternum 44.0 

Middle of back 67.0 


2. THERMORECEPTORS 


Every animal and plant has an optimal range of temperature in 
which it can most successfully carry on its activities and upon which 
its distribution over the face of the earth very largely depends. 
Whenever the temperature of the environment departs from this 
optimum the organism becomes increasing!) handicapped, until 
finally extremes may be reached that make life no longer possible. 
The range of temperature in which organisms can remain active 
is somewhat less Ilian that in which they can remain alive. Thus, 
hibernating animals recover from the torpor produced by extreme 
cold, as well as from the rigor of inactivity resulting from extreme 
heat, if cold and heat are not too prolonged or excessive. 

The cause of death is not the same al the two extremes of exces¬ 


sive temperature. An Amoeba when subjected to gradually in¬ 
creasing temperalures at first becomes more active, but later en¬ 
tirely withdraws its extended pseudopods until it exposes the least, 
possible surface, finally dying from the coagulation of its proto¬ 
plasm. If the temperature is slowly lowered from t he optimum, the 
pseudopods remain extended and movement becomes more and 
more sluggish until in the end the animal freezes in an expanded 
condition. 


Organisms that contain very little water, like seeds and highly 
desiccated animals, can withstand very low temperatures, even 
freezing, without losing the ability to resume activity eventually. 
On the other hand some algae and insect larvae, probably as the 
result of long periods of continuous adaptation and selection, are 
able to exist under extremes of high temperature such as occur in 
hot springs, which are ordinarily fatal to most forms of life. For 
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many years Brues lias carried on special observations on the curious 
and unusual inhabitants of hot springs. He reports some astonish¬ 
ing instances of the Dantesquc organisms that, thrive in these 
aqueous infernos. 

Davenport says of the distinction between endurance of extreme 
cold and extreme heat, ‘'the elfect of high temperatures is prin¬ 
cipally chemical , involving the living plasma; that of low tempera¬ 
tures is principally mechanical involving the water of the body.” 

Changes in environmental temperature act as stimuli to organ¬ 
isms, by means of which their behavior is largely regulated. FrogvS, 
which ordinarily swim at the surface of the wafer, take to the bot¬ 
tom when the temperature drops to about. 50° Fahr. Dolbear dis¬ 
covered that free crickets. Ocean!has, at. 60° Fahr. chirp 90 times 
per minute, varying four chirps to every degree of deviation from 
that standard. At 55° the number of chirps is 71, and at. 75°, 
150 chirps per minute, showing t hat these vociferous insects are so 
absolutely dependent, upon the exact degree of temperature in 
which they lind themselves, that they constitute an audible ther¬ 
mometer of considerable accuracy. 

A similar responsiveness to shades of temperature is exhibited 
by those amphibian Romeos, frogs, loads, and h>las, when they 
are staging their amorous serenades in the spring of the year. 

Thermoreceptors are almost all restricted to the skin. Variations 
of heat and cold are not fell in the digestive tube except in the 
transitional mucous membrane at either end. Thermoreceptors 
are in most cases free nerve endings that are confined to the skin, 
being absent in the viscera. When a gulp of hot coffee “feels hot 
all the May down,” it is because thermoreceptors in the skin are 
stimulated from the. inside so that the sensation is erroneously re¬ 
ferred to the esophagus. 

There are two types of thermoreceptors, namely, caloreccptors 
and J'rigidoreceptors, which transmit stimuli resulting in the sensa¬ 
tions of warmth and cold respectively. The former lie deeper in 
the skir. and are less numerous than the lat ter. Degrees of tempera¬ 
ture are registered by a thermometer as a continuous series, but 
there is a point of demarcation between thermoreceptors at. which 
ealoreceptors hand over the reception ol stimuli giving rise to 
temperature sensation to frigidoreceptors. 

The ealoreceptors upon the cheeks and forehead are highly re¬ 
ceptive, as are those on the palms of the hands, which are naturally 
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spread out towards an open fire on a cold day. They, as well as 
frigidoreceptors, are practically absent from the front face of the 
eyeballs, although receptors for pain, algesireceplors , are abundant 
there. In fact caloreceptors are frequently confused with algesi- 
receptors, although frigidoreceptors and tangoreceptors are apt to 
be more closely associated together. 

Owing to the proximity of dermal sense organs to each other, 
and the irregular way in which they are intermingled over the sur- 



Fig. 670.— Outlines of heat 
spots and cold spots. Heat 
spots are, cross hatched and 
dark; cold spots are dotted 
and light. There is a slight 
overlapping in a few places. 
(After Goldschneider.) 


lace of the skin, accurate discrimina¬ 
tion between the sensations produced 
by their stimulation is very difficult. 

In the case of thermoreceptors the 
response resulting from stimulation is 
particularly conditioned by the number 
of receptors involved. The total ef¬ 
fect- experienced, for example, when 
an exploratory foot is plunged into a 
cold hath is quite different than when 
the whole body is submerged at once. 

Confusion may also arise with re¬ 
spect to the stimuli that excite the 
temperature receptors, since the pre¬ 
vious condition within the body im¬ 
mediately before change in tempera¬ 
ture occurs plays a hangover part in 
determining the resultant feeling. For 
example, if one hand is immersed for a 
few moments in ice water at the same 
time that the other is thrust into hot 


water, and then botli are withdrawn and plunged together into 
tepid water which is intermediate between the extremes, the 
former hand will “feel" warm and the latter cold, although both 
are being subjected to the same thermal stimulus. 

Goldschneider, one of the first to study thermoreceptors 
thoroughly, located with meticulous exactness in repeated trials on 
his own skin warm and cold “spots” over definite small areas (Fig. 
670), and then, with commendable scientific zeal, cut out pieces 
of this carefully charted skin which, after sectioning and staining, 
he subjected to detailed microscopic examination. lie found 
separate distinct nerve terminals that corresponded to the warm 
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and cold spots, and drew the conclusion that the real thermorecep¬ 
tors were distinct from each other. 

Little is known of thermoreceptors aside from free nerve endings, 
particularly in vertebrates other than man. Almost nothing is 
known of these organs in non-vertebrates. In t he cornea and con¬ 
junctiva of the eye, which are sensitive to cold but not to heat, 
numerous Golgi-Mazzoni corpuscles are found. These are sus¬ 
pected of being frigidoreceptors. KuIIini endings are abundant in 
the eyelids, which are particularly receptive of heat, and probably 
are rightly to be classified as caloreceptors. 

That thermoreceptors are distinct from other cutaneous sense 
organs is well established, since they not only have a differential 
distribution, but also behave differently upon being subjected to 
anaesthesia. Cocaine applied to the skin temporarily destroys the 
effectiveness of tangoreceptors and algesireceptors, but leaves 
thermoreceptors unaffected. Following transplantation operations 
too, (he invasion of the newly-formed skin by different receptors 
is not simultaneous, the sense of touch being the first to be re¬ 
established, followed by the sense of pain, and finally by the tem¬ 
perature senses. 

Temperature discrimination in different parts of the body has 
been tested with the conclusion that caloreceptors of the eyelids 
are able to register a difference of l 2 0 of a degree centigrade, the 
red lips, 1 ) 0 , the outside of the arm, V 4 , and the palm of the 
hand, Yi of a degree centigrade. 


3. ALOESIREOPTORS 

Pain is felt through definite specialized nerve endings termed 
algesirercplors. Painful sensations are also experienced whenever 
excessive stimulation is applied to sense organs other than algesi¬ 
receptors. "‘The constantly smouldering embers of sensibility," says 
Foster, “may at any moment be fanned into the (lame of pain." 
Thus one speaks of a “piercing tone" as painful, as well as a too 
brilliant light, immersion in ice water or scalding water, or too 
strongly applied pressure. In all these cases the painful sensation is 
received through stimulatory channels already established for 
other uses than that of giving warning of unpleasantness by 
pain. 

Messages of pain usually demand corrective attention, since 
they indicate that something has goue wrong. In this sense Slier- 
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TUlglOTl’s term of nocireceplors, or receptors concerned with in¬ 
juries, is particularly applicable. It is far more important, much 
as wo dislike pain, lo be warned of injury in time than to be regaled 
uninterruptedly with delights optical, auditory, tactile, or chem¬ 
ical, as the case may be, that constantly assail other sense organs, 
and which rarely if ever admit stimuli that are fatal to life. Algesi- 
receplors, therefore*., play a peculiarly important role in safeguard¬ 
ing the well-being of the individual. They are in consequence very 
numerous and widespread, not only over the skin but also in under¬ 
lying organs. 

It has been estimated from careful mapping of certain cutaneous 
regions that in the entire skin of a normal human adult there are 
present .‘50,000 ealoreceptors; 250,000 frigidoreccplors; 500,000 
tangorcceplors: and 1,000,000 algesireceptors. This is a ratio of 
approximately 2:15:25:200, indicating how far algesireceptors out¬ 
number all the others. 

When it is remembered that excessive stimulation of any sensory 
receptor may register warning pain, like a traffic ollicer arresting a 
speeder, it will be seen that the provision for pain sensations is 
beneficently generous. So elaborate an equipim ut for the detec¬ 
tion of pain is far more elfectivc in man than in other animals be¬ 
cause the central nervous system where painful stimuli are regis¬ 
tered is much more highly developed than in other vertebrates. 
The fact that fishes probably feel the hook very little, allows Isaac 
Walton to rest in peace and not. turn over in his grave. 

Sometimes a part of the body, while retaining a high degree 
of touch or pressure receptivity, is comparatively non-sensitive 
to pain, as for example the inner wall of the check. It is not easy 
to localize pain at the exact point of stimulation. A toothache 
may seem to involve the entire jaw, or a cinder the whole eyeball, 
while lame chest muscles frequently are interpreted as sore, 
lungs. 

Fortunately many injuries like wounds do not result in pain in 
proportion to their extent. For instance the chief pain from the 
amputation of a leg or arm has its origin in the stimulation caused 
by cutting the algesireceptors located in the skin. The cortical 
cells of the brain itself are insensitive to mechanical contact. There 
are no specific stimuli for pain or localized centers in the brain for 
painful response alone, as are known to exist for the senses of 
sight, hearing, smell and taste. 
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4. RH EORECEPTORS 

Certain cutaneous sense organs, arranged around the head and 
down the sides of the bodies of iishes and aquatic amphibians 
(Fig. 671), are termed rheorereptors , or water- 
current receptors, which aid the animal in 
orientation to ilowing w ater. 

These structures an*! connected with the sen¬ 
sory branches of cranial rattier than of spinal 
nerves, as are the other cutaneous sense or¬ 
gans, and consist of groups of si 1 usury neurons, 
each supplied with a delicate hair and enclosed 
within a barricade of noil-nervous supporting LD 

cells (Fig. 672). The hairs project into the * m. 671 .---Ar- 

. . rnngomont ol the 

surrounding water or, when a cluster of sen- rhoorccoptors over 

sory cells becomes sunken somewhat below 7 t he the skin of the blind 

surface of the skin like a crater in a miniature ravr ol / ) n 

volcano, the pit thus formed is tilled with ( ] orsn | ; lateral; 

mucus that envelops the sensory hairs and V, ventral line on 

serves as a liquid medium of communication d^ronittesse, 

through which vibrations in the water must 

pass on their way to I he hairs of the receptor cells. 

Sense organs of this sort are entirely absent in land vertebrates, 
but four general kinds have beeu recognized in fishes and aquatic 

amphibians, as follows: (1) scattered pit or¬ 
gans; (2) lateral-line organs; (3) ampullae of 
Lorenzini; and (1) vesicles of Savi. 

The scattered pit organs arc independent 
groups of receptor cells, distributed mostly 
over the head, which may be isolated from 
each other or arranged with considerable 
regularity either in rows at the bottom of 

Fig. 672.- Section g rooves% Q r in sewer-like canals that open at 
through a sense or- . , . , . ... 

gnn ol the lateral line intervals to the outside by pores like man- 

of a newt. Trilurus, holes in the street (Fig. 673). The most con- 
(After Kingsbury.) stant of these alignments, as seen on the head of 
a tel cost (Fig. 671), are the supraorbital above the eye; the suborbital 
below flic eye; and the infraorbital along the side of the head be¬ 
low the suborbital. There may also be present among some 
forms a mandibular row to the lower jaw; a hyornundibular to the 



spindle cells 
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Fig. 673.—Diagram of a section through the 
lateral line of a fish, (lobio , showing pores; lateral¬ 
line canal; and sensory r('.ceptors. (After Ley dig.) 


spiracular region; and a supratemporal over the top of the head, 
joining the trenches on the two sides. 

Lateral-line organs are arranged primarily in three parallel rows 
down each side of the body. In most fishes only the middle row 
remains, supplied by the lateral branch of the vagus (Xth) nerve, 

running along the line 
of demarcation be¬ 
tween the dorsal and 
ventral musculatures 
of the trunk. The 
openings that expose 
the lateral-line organs 
in fishes are either be¬ 
tween the scales (Fig. 
673), or through pores penetrating the scales. Whenever lateral 
fins arc so placed that they would naturally extend over a portion 
of the lateral line, or by their movement cause an agitation in 
the water which would interfere with the re¬ 
ception of the stimulus produced by external 
currents of water, the part of the lateral line 
interfered with may curve out of the way in 
a detour, thus avoiding interference (Fig. 675). 

Various stages of elaboration of the lateral 
line may occur at the same time in different 
regions of the same fish, or at different times 
in the course of development. The eel, An¬ 
guilla, for example, during the early “lepto- 
cephalus stage,” has only isolated pit organs 
present on the head region. Young lingerlings 
develop a lateral line closed anteriorly but open posteriorly, while 
the adult has the entire system insunken and closed except for 
craterlike pores along the line. 

Among amphibians rheoreceptors arc always present in larval 
and perennibranchiate forms, the lateral line being usually repre¬ 
sented by three parallel rows of isolated clusters (Fig. 671). 
Traces of these structures remain in some land amphibians in the 
form of spots on the skin, indicating the former locality of sensory 
clusters which have changed in function from rheoreceptors into 
tactile organs. 

The ampullae of Lorenzini, as well as the vesicles of Savi , are 



Fig. 674.— The 
chief canals of the 
pit organs on the 
head of a carp. 
(After Merkel.) 
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highly modified pit organs that occur only in elasmobranch fishes. 
They are deeply sunken below the surface, the former enlarging 
into a bulblike cavity at the 
bottom of an elongated duct 
(Fig. 676), and the latter be¬ 
coming entirely closed off from 
the outside. Both are equipped 
at the bottom with receptor 
cells, surrounded by abundant 
mucus, and terminating with 

sensory hairs. Fig. 675. - A telcos t. fish, Nofosema, 

The vesicles of Savi are showing a kink in the lateral line, whieh 

found only in the aberrant \ h,,s ma >\ i,voi(l currents prod,..™! in 
. , . . the water by movements of trio pectoral 

electric fish, Torpedo , where p in (After (*oode and Bean.) 

they lie along the outer edge 

of the electric organ on either side, and around the border of 
the nasal pils. They are supplied by a branch of the trigeminal 
(Vth) nerve, but their function is unknown. 

The presence of abundant mucus in the lateral-line system and 
related pit organs led formerly to the idea that these organs were 

glandular and primarily secretory in function, 
but the discovery by Ley dig in 1850 that they 
have a sensory rather than a motor nerve 
supply placed them definitely in the cat¬ 
egory of sense organs. Subsequent experi¬ 
mental ion on fishes, by cutting different 
nerve supplies, showed that, these sense or¬ 
gans make the animal receptive to coarse 
vibrations agitating the surrounding medium, 
_ as well as to the sustained impact, of water 

gamofLorenzini, from i» U»« i( ' m ' ol nirrenls. By means of such 
a dogfish, ScyIlium, organs the fish is enabled to face against the 
(After Haller.) water flow, even in darkness or in turbid 

waters when no “landmarks’’ are visible, and so to maintain its 
position without being constantly carried down-stream, or away 
with flowing tides and currents. 

Rheoreceptors no doubt also help in making a fish aware of the 
approach of enemies which agitate the water by swimming move¬ 
ments, producing a current of low vibrations that acts as a warning 
stimulus. 


,'Openmg 
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5. ANEMORECEPTORS 

Among invertebrates the halteres of flies have been shown to be 
the receptors that are stimulated by currents of air. These struc¬ 
tures, which take the place of the posterior pair of wings in the 
Diptera, enable poising insects of this kind to orient against a 
breeze and not be blown away, much as rheoreceptors keep fishes 
heading upstream against a current of flowing water. 

Vertebrate anemoreeeptors have not been described, although 
migrating birds are known to direct their flight into the wind, 
while communal birds such as gulls and ducks come to rest all 
facing one way with reference to air currents. Likewise herding 
mammals such as deer and ant elopes are keen to recognize which 
way the wind blows, although specific receptors for the movements 
of air currents do not seem to be included m the repertory of 
vertebrate sense organs. 


IV. Chemical Sense Oucans 

The chemical stimulation of taste and smell is brought, about by 
contact with solutions of various substances. Liquids are tasted 
and gases are smelled. In order to taste a solid object it must 
first be reduced to liquid form. Even gases must be dissolved in a 
liquid before they can be smelled, since the delicate terminal hairs 
of olfactory receptors are effective only when surrounded by a 
lipoid film and by mucus or water in which odoriferous gases may 
be received. 

The two sensations which we call smell and taste are served by 
at least ten or a dozen different kinds of receptors, each adequate 
for a particular distinct kind of stimulus. 

Both of the groups of chemical receptors for tasting and for 
smelling are primarily located, like John Bunyan’s lions before the 
gates of the Palace Beautiful, near the entrance of the digestive 
tract, where they pass upon the character of the entering food. 
While the nasal and mouth cavities in which these chemical recep¬ 
tors are for the most part located are not actually on the outside 
of the body, they are nevertheless integumentary invaginations 
and so, fundamentally a part of the cutaneous system. 

Tasting is necessarily always a matter of direct contact, but 
smelling, which makes an animal aware of odorous substances 



PORTS OF ENTRY 


769 


even at some distance away, has the wider range, since it serves 
not only as a food censor, but also directs locomotion in the quest 
for food, as well as localizing the presence of other animals. It 
plays a particularly important role in sexual allurement, especially 
in mammals whose glandular skin sends forth many character¬ 
istic odors. 

Response to chemical stimuli in some of the simplest animals is 
not associated with definite receptors. For example, the chemical 
receptivity of Paramecium is confined to the anterior end of the 
body, while in Stentor it is diffused over the entire outside of the 
body. The sensitivity of sea-anemones to chemical stimuli is 
limited to the tentacles, while the outside of the columnar body is 
unresponsive to chemical stimuli but responsive to mechanical 
contact. 


I. oj.rAC ronKCKPTons 

Moth collectors know that when a female moth is confined to a 
wire cage at night, males come from considerable distances and 
can easily be captured while fluttering around the cage, attracted 
by an odor scarcely perceptible to man, that, emanates from the 
scales on the wings of the imprisoned female. The antennae of the 
males in this case bear the receptors of smell. 

There are antennal receptors for at least three different kinds 
of chemical stimuli also that have been demonstrated in certain 
ants. The presence of enemies, or ants from foreign colonies, is 
detected by receptors located on the 6th and 7th joints of the 
antennae. Nest mates having the same odoriferous password are 
recognized by receptors on the 8th and 9th antennal joints, while 
the odor of the nest itself is registered by receptors on the 12th 
joint. 

Olfactoreceptors of vertebrates are definite neurons which, al¬ 
though morphologically simple and undifferentiated, have become 
physiologically diversified so that they are adequate for a con¬ 
siderable variety of different chemical stimuli. 

In the case of the vertebrate olfactory sense, the brain meets the 
receptor more than half way. Unlike other sense organs the ol¬ 
factory receptive neurons connect directly with the olfactory 
centers in the brain without the intervention of relay neurons. 
As a matter of fact the cells of the receptive olfactory epithelium 
are a part of the brain itself which have pushed out to the surface 
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and then sprouted back secondarily to connect with the olfactory 
lobes of the brain. 

The evolution of the olfactory apparatus in vertebrates shows it 
to have been originally a primary sense of first importance that has 
gradually been replaced in the course of pliylogeny by other 
receptors. In the*, lower vertebrates the olfactory centers over¬ 
shadow all the rest of the brain. Such animals live in an olfactory 
world. Jt is apparent that the earliest crawling land animals, 

snuilling around close to the 
ground among ferns and club 
mosses and oilier rank vegeta¬ 
tion, had much less use for eyes 
Ilian for an olfactory apparatus. 
Later on, with increasing emanci¬ 
pation from lowly ground life, 
and with the rise and dominance 
of the major senses of sight and 
smell, the olfactory sense has 
taken more and more to the 
background, until, in the case of 
mankind, the sense of smell may 
be sacrificed with less inconven¬ 
ience and regret than any other. 
It still plays a role in appetite 
and sentiment, however, although 
human experience and memory 
dwell upon sights and sounds 
rather thau smells. It is said 
that the greeting of certain Malay 
tribes is fck I smell you,’ and that noses are rubbed together in 
place of a kiss. 

(a) Odors .— In the open air odors, or volatile substances, though 
rarely emanating in all directions equally as sound and light tend 
to do, are particularly influenced by air currents that may be 
present. The farther away odorous gases are from the point of 
release, the more diluted they become and the more slowly they 
disperse (Stephan’s Law). Nevertheless extremely minute quanti¬ 
ties of certain odors are perceptible at considerable distances from 
their origin, as every bloodhound attests. 

Allison and Ratz, in the Journal for Industrial Engineering for 



Fid. 077.-- Diagram to show the 
relation of different odors to oatfi 
other. (From Parker, after Henning.) 
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1919, give a table in milligrams of minimum concentrations of 
various chemical substances that are perceptible to man in a 
liter of air. The quantity of chloroform is given as 3.3; iodoform, 
0.018; propyl-mercaptan, 0.006; and artificial musk, which is by 
far the “smelliest” known substance that was tested, 0.00004 
milligrams. No one of the above tested substances is encountered 
freely in nature. 

The diffusion of odorous substances through water is very much 
slower than through air, yet in spite of this fact sharks are known 
to be able to discover a dead body at considerable distance in a 
remarkably short time, although when cotton is stuffed into the 



Fig. 678.—A., primary sense eell from olfactory membrane; B, free nerve end¬ 
ings; C, secondary sense cells (taste cells). In the two latter cases the nuclei of 
the receptors are withdrawn from the surface. 

nasal pits of a shark, it is unable to locate odorous food readily 
even in the immediate neighborhood. 

Land amphibians, reptiles, and carnivorous birds such as the 
vulture depend more upon the sight of moving prey than upon the 
sense of smell in finding food, while many mammals, man for 
example, are either microsmulic , that is, poor “smellers,” or anos - 
malic , without any sense of smell at all, like cetaceans, whose 
nostrils have been readjusted into a periscopic position and are 
entirely devoted to respiratory uses. 

Most evil smelling things are bad or poisonous, but not invari¬ 
ably so. Carbon monoxide gives out no olfactory warning although 
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very poisonous, while certain famous cheeses, which are decidedly 
repulsive in odor, are not only non-poisonous but highly nutritious 

and beneficial. 

The attempt to classify different 
odors objectively has not been very 
successful, allhough the existence 
of several specifically different kinds 
of olfact ory receptors, adequate only 
for certain odors, is quite likely. 
Henning in 1916 proposed six dif¬ 
ferent arbitrary categories of odors 
based upon their resemblance to 
well-known olfactory standards, 
namely, foul, flowery, fruity, burnt, 
spicy, and resinous. He arranged 
these primary types of olfaction 
diagrarmnatically at. the corners of a 
live-sided polygon (Fig. 677). This 
plan has lhe advantage of provid¬ 
ing a logical place on some fare of 
the polygon for any possible inter¬ 
grade between the six primary odors. 
Parker comments upon this clever classification as follows: “So 
far as an arrangement of odors is concerned, 
the clarity of Henning's scheme is at once its 
most attractive and suspicious feature." 

(h) Structure. - Since smell, as contrasted 
with taste, lias a much wider functional range, 
there is a greater elaboration of accessory 
structures in the olfactory apparatus than is 
necessary with organs of taste. There are not 
only the olfactory neurons, but also skeletal 
capsules and cavities in which they are housed; 


Fics 670. Diagram showing 
the extent and position of tin* 
Schneiderian membrane (black) 
in man. The outer wall of the 
nasal cavity is represented as 
cut loose along its lower margin 
and swung upward. I, II, III, 
conehae.. (From Hesse, after 
von Rnmn.) 
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( mouth 


naso-labial 

groove 


Fin. 6H0.—Ventral 
\iew of the head of 

. .a shark, Scylliurn, 

various supplementary chambers or sinuses showing the. nuso- 

connecting with the olfactory cavities; devices labial groove, n.o., 

for securing the passage of odorous substances opening. (After 
t . aclumkewitscn.) 

across the receptors; and glands for main¬ 
taining a constant him of moisture over the exposed ends of the 
ol factor ecepl (>rs. 

The cellular units of the olfactory epithelium, or Schneiderian 
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membrane (Fig. 679), are of three kinds, namely, sus tentacular, 
basal, and sensory with fibers, of which the latter are the real 
olfactoreceptors. At the exposed elongated ends of the olfacto- 
receptors is developed a brush of extremely delicate protoplasmic 
processes or cilia (Fig. 678, A). These constitute the most recep¬ 
tive part of the receptor cells, and are protected from injury by 
mucus produced from (lie surrounding cells, that also serves as a 
medium in which the 
st imu la t ii ig odorous gases 
are dissolved. 

(r) Accessory Paris .— 

The olfactory apparatus 
is the most anterior of all 
the sense organs. In man 
it appears first at al>out 
the third week of fetal 


oeso-labaJ 
sulcus. 

maxilla--- 
mandible- 

hyoid arch¬ 



telencephalon 

external nans 
outer nasal process 
--inner nasal process 



existence when a pair of Fin. 681. -Jlead of n ('hick embryo of i) 

, , , , ... days, showing the naso-labial sulcus, which 

ectodermal patches winch W(Ull(l form „ .., mn . ir mimilU!ll un . 

are destined to form the closed. (After F)u\al.) 

olfactory epit helium, or 

Schneiderian membrane (Fig. 67 c >), have become depressed into 
two nasal pits which are in close approximation to the olfactory 
lobes of thefbrain, and are brought into communication with the 
mouth cavity, both ontogenelically and phylogenetieally, by a 
channel, the naso-labial groove (Fig. 680). extending from the edge 

of each Pi I to the mouth, A 
passage-wa> is thus formed that 
eventually becomes closed olf and 
enlarged into the nasal cavities, 
which are in reality an integumen- 
tal invagination, or a part of the 
outside body that has come to oc¬ 
cupy an inside place. Failure of the proper closure of the naso¬ 
labial groove results in the deformity known as ‘‘hare-lip'’ 
(Fig. 681), although shark-lip would be a more appropriate term, 
since the cleft in the upper lip is not. a single one in the mid¬ 
dle as in hares but on either side as in sharks and other elasino- 
branchs. 

The enlarged nasal cavity finally becomes differentiated into 
three regions, namely, vestibular, respiratory, and olfactory, dis- 






Fig. 682. —Sensitive snout of a 
star-nosed mole. (Unufylura. a, 
lateral; b, anterior. (After (iervais.) 
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tinguishable from each other by the character of the epithelium 
lining them. 

The vestibular region is transitional between the skin on the 
outside and the mucous membrane within. It is characterized in 
mammals by the presence of sebaceous glands and by stiff outward- 

projecting, dust-arresting 
hairs, and forms that part of 
the nasal cavity which is 
principally under the protec¬ 
tion of the projecting roof¬ 
like cartilaginous elements of 
the external nose, when such 
a structure is present, as in 

Fig. 683. — Median section through the man. 

head of a pig. a, soft palate; B, bursa Snouts have little to do 
pharyngeal; g, brain; k, cartilaginous wall . , , . i lllt 

of the nasal cavity; I, larynx; n, naso- Wlin l,je ollact ° r y sense But 
pharyngeal cavity; oe, esophagus; p, naso- are rather associated with the 
pharyngeal isthmus. (From Weber, after tactile sense in nocturnal and 
\on Lothes.) burrowing forms (Fig. 682), 

while in animals like pigs which “root for a living,” they are me¬ 
chanical organs of the first- order, strengthened sometimes by 
calcified cartilage (Fig. 683). 

The trunk of an elephant, which is a combination of a long 
drawn-out nose and upper lip grown together, is far removed from 
the primary olfactory function, being 
transformed into a grasping organ, while 
the external nose of man, which pre¬ 
sents so many interesting variations 
(Fig. 681), is far more useful in the 
expression of the emotions than as an 
organ of smell. 

The respiratory region of the nasal 
chamber is the most extensive part of 
the olfactory mechanism. It provides 
a place for the passage of air from the 
lungs and is lined with ciliary epithelium 
that keeps it in motion. Its walls are very vascular and richly 
supplied with mucous glands, thus serving to warm and moisten 
the respiratory current as it enters. 

The so-called olfactory region is the innermost recess on either side 



Fig. 684.--“The external 
nose varies strikingly in the 
styles of its architecture.” 
(After Gallup.) 
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of the nasal cavity (Fig. 679). In man it is comparatively small, 
the Schneiderian membrane being distinguishable by its yellowish- 
brown pigmentation. Although the use of the Schneiderian pig¬ 
ment is not definitely known, it has been demonstrated that 


albinos which lack it have a defective 
sense of smell. 

Skeletal parts surrounding the nasal 
region, while appearing from the outside 
to be somewhat massive, are in reality 
exceedingly light and delicate" because 
of their hollowed-out character. The 
formation of air spaces in the facial 
bones is carried to a remarkable extent 
in the large skull of the elephant, which 
would otherwise be uncomfortably 
heavy. It also plays an important part 



Fig. 685.— Diagrammatic 
cross section through the 


in the transformations affecting the con¬ 
tour of the human face at about the 


nasal region of a mammalian 
head. (After Boas.) 


time of puberty. In the cranial bones of mammals generally 
sinuses , or large air spaces lined with mucous epithelium, are 



Fig. 686.-—Median sect ion of a human skull, 
with, f.s., the frontal, and s.s., sphenoidal 
sinuses in black. (After Spalteholz.) 


present that communicate 
with the nasal cavities al¬ 
though they have little or 
nothing to do with smell. 
The principal sinuses are 
the maxillary , on either 
side of the nose (Fig. 685); 
the sphenoidal , between 
the two nasal cavities; and 
the frontal, in the region 
of the forehead (Fig. 686). 
Presence in these reser¬ 
voirs of air which is 
warmed by exposure to the 
capillaries on their surfaces 
is au advantage, since it 
may be mixed with cool 


dry air from the outside, in this way equalizing it with respect 


to temperature and moisture before it strikes the delicate olfacto- 


receptors, or passes on to the respiratory passages. 
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The circulation of water, containing dissolved gases, across the 
olfactory surface in the nasal pit of fishes, is effected largely by 

the presence of cilia. In elasmobranchs 
it is facilitated by a curving partition 
which partially subdivides each pit into 
intake and outgo regions. This division 
is carried further in many teleost fishes, 
as, for example, in the conger eel, Mu - 
raeria (Fig. (>87), in that each external 
naris has become double, thus present- 

Fio. 687— Littoral outline ing, instead of the two usual nasal open- 

of tho head of a fish. Mu- ings, four chimney-like nostrils on the 
raena , with projecting t.ubn- . r *i 1 1 r 1 ■ i 

lar nostrils that' op,n h.U, a l0 P ° f Ule hcH(1 ’ none [ ){ wl,ldl P eiie ’ 
common chamber hut. nol in- I rates to the month cavity. 

to the mouth cavity. (After With the establishment of the choanae 

Wiedcrshcim.) and the transfer of air through the nasal 

cavities, a system of valves and muscles becomes elaborated in 
connection with nasal ventilation. (See Chapter XJII, Respiration.) 

The remote situation of the Schneiderian membrane above the 
respiratory passage-way makes it possible ordinarily to breathe 
air without, stimulating the olfactoreeeptors to any great extent, 
even when odorous substances are about, unless air is drawn in 
vigorously over the upper olfactory route, as in “sniffing.” 

Animals primarily aquatic, such as fishes and amphibians, have 
the olfactory membrane spreading over the entire nasal cavity, but 
a differentiation into vestibulo-respiratory and olfactory regions 
is found in air-breathing amniotes, beginning with the reptiles. 
In animals secondarily aquatic, like seals and possibly whales, 
which have largely lost the olfactory epithelium, the nasal cavi¬ 
ties become entirely respiratory in character. 

Supplementing glands in the nasal passages that serve to provide 
ail adequate degree of moisture are the lacrimal glands, the ducts 
of which at the inner angles of the eyes constantly drain down into 
the nasal chambers. This nasal flow of excess tears is particularly 
well demonstrated by a sniffling child emerging from an emotional 
crisis that results in weeping. 

(d) Evolution —The development of the nasal cavities in man 
finds a parallel in the evolution of these structures in the vertebrate 
series. 

In general fishes have olfactory pits that are CAih-de-sac, not ex- 



PORTS OF ENTRY 


777 


tending down into the mouth cavity. The nasal pits of elasmo- 
branchs, however, which are on the ventral side of the snout not 
far from the mouth, usually connect with it by means of open naso¬ 
labial grooves (Fig. 680). 

In dipnoans and more completely in amphibians the grooves of 
the pits become closed, thus establishing, in addition to external 
nares, or nasal openings, a pair of internal nares, or choanae (Fig. 
255). These structures in amphibians open into the mouth cavity 
at an extreme point just posterior to the lateral vomer bones. 

With the development in reptiles of a “hard palate,” or second¬ 
ary roof of the mouth, by the medial growth on either side of lul- 



Fic;. 688. - Cross section through the head of a lizard, Lucerfa aqilut , with 
the lower jaw removed, showing Jacobson's organ opening into the mouth 
cavity. (After Sehimkewitsch.) 

eral shelves from the maxillary and palatine bones that meet along 
the middle, the passage-way between the external and internal nares 
becomes much elongated. With a choanal opening into the mouth 
it is possible to receive olfactory stimuli from the outside world, 
not only through the front, door of the external nares but also by 
way of the back door of the choanae, by means of food substances 
taken into the oral cavity. 

Animals that hold food in the month have an accessory struc¬ 
ture, Jacobsons organ , which was first described in 1811. It is a 
cavity derived embryonically from the olfactory cavity and is lined 
with olfactory epithelium that is supplied by twigs from the olfac¬ 
tory (1st) nerve and the trigeminal (Vth) nerve. In position it is 
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veil trilateral from the nasal cavity on either side. Reaching its 
highest development in the snakes and lizards (Fig. 688), it is re¬ 
duced in turtles and crocodiles and appears only as an embryonic 
structure in birds. It is present in amphibians although not open¬ 
ing into the mouth cavity. Mammals show traces of Jacobson’s 

organ embryonioally, but in most instances it is 
a degenerate structure, its best manifestation 
being in monotrenies, marsupials, insectivores, 
and rodents. 11 is entirely absent in whales, 
bats, and Old World monkeys. The history of 
Jacobson's organ in man is wholly intra-uferine. 
Arising at the beginning of the third month as 
small outpockelings of epithelium in the lower 
part of the nasal septum, if forms a slender blind 
sac on either side, reaching its greatest elabora¬ 
tion at about the fifth month. Before birth it 
becomes entirely reduced. This structure, which 
Kingsley refers to as “a kind of an olfactory 
organ,” probably serves as an accessory olfactory 
apparatus for testing odorous substances held 
in the mouth. 

The enlargement of surfaces for the exposure 
of epilhelium within the nasal chambers is 
brought about in three ways: by the folding of 
the mucous membrane; by sinuses in communi¬ 
cation with the main nasal cavities; and by con- 
chue, or skeletal shelflike extensions of the nasal 
walls. 

The method of membranous duplication is 
common among fishes. The mucous lining of the 
nasal pits of the dogfish, for example, bears a 
distant resemblance to the leaves of a book because of its numer¬ 
ous folds. Such a device would not be effective out of water, for 
the folds would lend to adhere together when not kept separate 
by immersion in an aqueous medium. 

Reptiles have a single unrolled concha, or projection from the 
ectoethmoidal wall of the nasal chamber on cither side, which 
is slight in turtles, but of considerable size in crocodiles and 
alligators. 

The nasal chamber of birds is compressed, in accordance with 



Fig. 680. —Dia¬ 
gram of a transverse* 
section of the right 
nasal cavity in man, 
made at the plane 
indicated I>> the 
vertical dotted line 
in Fig. (>00. 1, in¬ 

ferior concha, 2, 
middle concha, 8, 
superior concha; 

4, nasal septum; 

5, inferior meatus; 

6, middle meatus; 

7, superior meatus; 

8, common meatus; 

9, olfactory cleft 
(left side); 10, eth¬ 
moidal sinuses; 11, 
maxillary sinus. 
(After Parker.) 
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the general policy of compactness that characterizes avian anat¬ 
omy. Its surfaces are compensatingly increased, however, by 


the presence of three conchae on 
either side, the most anterior of 
which is located in the vestibulo- 
respiratory region, while the 
smaller middle and posterior ones, 
that serve as supporting founda¬ 
tion for the Schneiderian mem¬ 
brane, are no doubt chiefly of 
value in supplying a moisture- 
producing surface for the respir¬ 
atory mechanism. 

Conchae reach their greatest 
elaboration in mammals, partic¬ 
ularly ungulates, rodents, and 
carnivores, after becoming rolled 
like a scroll, thus presenting a 
maximum surface within a min¬ 
imum space (Fig. 689). The 
nasal space in a sheep is larger 
than the brain cavity. In man, 
whose sense of smell is much in¬ 
ferior to that of a truflie-hunting 
pig, the conchae are smaller in 
size and reduced in number to 
three (Fig. 690). The maxillo- 
turbinals are further supported 
by independent skull bones, 
termed in human anatomy the 



Fig. 690.—Diagram of the lateral 
wall of the right nasal cavity in man. 
1, inferior concha; 2. middle concha 
3, superior concha; 4, first supreme 
concha; 5, second supreme concha 
(lilt! apertures 6 to 10 are covered 
from sight by the conchae but their 
position is indicated by vortical lin¬ 
ing); 6, aperture to the naso-lacrimal 
duct, opening into the inferior mea¬ 
tus; 7, opening of maxillary sinus 
(middle meatus); 3, opening of fron¬ 
tal sinus; 9 and 10, openings of eth¬ 
moidal sinuses into the superior mea¬ 
tus; II, opening of tin; Eustachian 
tube; 12, vestibule; 13, atrium; 14, 
choana; 15, frontal sinus; 16, sphe¬ 
noidal sinus, whose opening is indi¬ 
cated by an arrow; 17, olfactory re¬ 
gion, whose limits an' marked by the 
dotted line. The verticul dotted line 
shows tin* plaue of section from which 
Fig. 639 is drawn. (After Parker.) 

inferior turbinated bones , which 


are joined to the maxillary and palatine bones by means of 


sutures. 


2. GUSTO RECEPTORS 

Just as the chemical sense of smell is located witli special ref¬ 
erence to the entrance of the respiratory passages, so the sense 
of taste acts as a sentinel at the portal of the digestive tube, 
inspecting all substances that enter there. 

In the case of a few insects, taste is also pressed into other 
service than that of food-tasting, the female cricket, Oecanlhus , 
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for example, exuding a drop of liquid which is “fasted” by the 
male as a stimulating preliminary in the mating process. 

(a) Task Rads.- (lustoreceptors are composed of clusters of 
cells called lusle buds , which follow the same plan throughout 
the vertebrate series, differing in the various groups principally 
in their arrangement with relation to different kinds of papillae , 
as well as in their distribution. 


The parent tissue that gives rise to taste buds is ectodermal 
in derivation. In many (ishes, such as carp, sticklebacks, suckers, 
and ratfishes, the ability to taste is not confined to the mouth 
cavity, but extends over the entire ectodermal covering of the 
body, even as lar as the tail. With emergence from water to 
land, gustoreceptors are withdrawn to the moist environment 




i 





erve 


Uste pore ^he 1TK), d* 1 cavity which is the 

reticular ceil* logical place for encountering food 
pindie cells solutions. 

A typical taste bud (Fig. 691) con¬ 
sists of a compact group of receptor 
erve and sustentacular cells, the former of 

which are in contact with free nerve 

Fig. 691.—A section endings from cranial nerves. The sus- 
through a taste laid. (\l‘ter . , ,, P . 1 . , i 

Burton-Opitz ) tentacular cells are ot two kinds, namely, 

basal cells , which ltauber suggests are 
understudies” held in reserve for the renewal of other cells in 
the cluster, and elongated supporting cells , both peripheral and 
interstitial, the former curving somewhat like the slaves of a 
barrel, giving an oval shape to the entire group. 

The sensory receptor cells , which are slender and elongated 
each with a somewhat enlarged basal end, terminate peripherally 
in a dedicate protoplasmic hair or flagellum. They differ from 
the receptors in the lateral-line organs, to which the taste buds 
bear a superficial resemblance, in that their ciliated ends extend 
all the way to the surface, meeting at a pore formed by the con¬ 
verging tips of the sustentacular cells, instead of merely pro¬ 
jecting into the bottom of a pit, as in the lateral-line clusters. 

The free nerve endings connecting with gustoreceptors may 
be either or both inter- and intragcnimal in character, lntragem- 


mal fibers penetrate into the taste bud itself and lie between 
the gustoreceptor cells. Inlergemmal fibers, on the other hand, 
end freely outside the taste-bud clusters between unspecialized 
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’ tT ^' ,cfy'' 

I^’fCi. 602 .- Digram 
of a wilkilr papilla, 
showing (hr position of 
l.hr (aslc butts. (\f|.cr 
BurUm-Opilz.) 


epithelial cells. Both of these types of endings, which sometimes 
resemble a candelabrum in their multitudinous branching, come 
from one and the same cranial nerve fiber. 

The center of the gustatory function within the brain is the 
nucleus soli tar ius in I lie medulla, connecting with neurons that 
take part in the formation of the chorda lynipani branch of the 
facial (Vllth), and in the glossopharyngeal (IXth) nerves (Fig- 
655). In fishes branches of the trigeminal 
(\ 111) and the vagus (Xth) may also sup¬ 
ply organs of taste. 

(6) Papillae. -There are four types of 
elevations, or pajiillae , in the mucous mem¬ 
branes which have to do with the display 
of taste buds, namely, filiform, fungiform, 
foliate, and vallate. 

Filiform papillae are tiny threadlike or 
conical projections that are largely respon¬ 
sible for the velvety appearance of the 
surface of the longue. They are not particularly associated with 
taste buds, .although they serve to retain food solutions tempo¬ 
rarily. In many mammals the filiform papillae become capped 
over with corneal material, taking on a mechanical rasplike 
character, as sliown by the longues of cals and cattle, who use 
this device as a hair brush. 

Fungiform papillae (Fig. 210) are elevations from the surface 
of the mucous membrane that suggest the shape of a mushroom, 
hence their name. They are beset with taste buds and serve 
to bring these chemical receptors into contact with food solu¬ 
tions in the mouth cavity. Over the surface of the human tongue 
there may be as many as three or four hundred of these papil¬ 
lae, but they are. always heller developed in children than in 
adults. They are more numerous along the sides of the tongue 
than elsewhere, and have the appearance of small red spots. 

The foliate papillae , which are usually located near the base 
of the tongue, are tiny ridges bearing taste buds (Fig. 210). In 
man there are only three to eight, of these ridges, but, in rodents 
their number and size is greater. 

The most elaborated of all the modifications for the display 
of taste buds are the vallate papillae (Fig. 692). These resem¬ 
ble projecting knobs, surrounded by deep grooves, like the moat 
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around a mediaeval castle, that serve to retain dissolved food 
substances. In the human fetus taste buds are distributed even 
over the tops of the knobs, but in adults they are confined to 
the sunken walls of the moats, where they are not only in direct 
contact with solutions to be tested, but are also protected from 
mechanical injury to which they would be liable at the surface. 

Serous glands, called Von Rbners glands , open at the bottom 
of the moats and aid in keeping them lilled with lluid. 

Vallate papillae are usually arranged in rows at the back of 
the tongue. There are two rows in rnonotremes, moles, bats, 
hares, pigs, horses, and edentates; three rows in marsupials, 
squirrels, many inseclivores, and apes; four rows in the monkeys. 
Macacos and Cercopiihrcus: and a single row, arranged in a 
V-shaped formation, in the dog and man. They are missing in 
guinea pigs and coneys. 

The number of taste buds to each vallate papilla varies greatly 
in different mammals. Hesse has estimated that sheep have 
480; cows, 1760; and pigs, 4760. A. cow, having about 20 papil¬ 
lae, would consequently possess approximately 85,000 taste buds, 
while a giralfe, which is known to have over 80 papillae, would 
probably prove to be still more generously endowed. 

Taste buds reach their greatest development in mammals, 
such as ruminants, that have specialized grinding molars and 
retain forage within the mouth cavity for a prolonged period 
before consigning it to the. absorptive part of the digestive tube. 

Stahr has made the interesting observation that taste buds 
on the tongue of the domesticated while rat are considerably 
reduced in number as compared with those of the wild rat that 
works for a li\ mg. 

(c) Com para I ire . \nalomy. —Ainphioxus has cellular structures 
that, resemble taste buds upon the cirri around the mouth, but 
their function is unknown. 

The sense of taste in fishes is, as already pointed out, much 
more generalized than in land forms, the gustoreeeptors extend¬ 
ing over the outside of the body where they appear more as intcr- 
gernmal endings than as taste buds. 

l\ot. much is known of the. sense of taste in amphibians, but 
these animals do possess nerve endings in lhe skin that serve 
as chemical irriIoreceptors. They have groups of cutaneous cells 
also which are probably more tactile than chemical in function. 
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Whatever sense organs may be found in the amphibian mouth 
have slight opportunity to be of gustatory service, since the food 
is swallowed at once without being held in the mouth. 

In reptiles, particularly crocodiles and snakes, taste buds are 
located in the posterior part of the mouth cavity, which is less 
comified than the anterior part. 

Taste buds are present but scarce in the bird’s mouth, and 
are likewise situated posteriorly instead of on lingual papillae 
as in mammals. The majority of birds with small comified tongues 
have most, of the taste buds in the floor of the mouth near the 
lower mandibles, while birds like parrots, with large fleshy tongues, 
give lodgment to the gustatory organs on the tongue itself, or 
along the sides of the maxillary half of the beak. 

Among mammals the greatest, elaboration of taste receptors 
occurs in connection with the evolution of heterodont. dentition 
and grinding molars. The taste buds are not confined solely to 
the tongue, but are found also on the anterior surface of the 
soft palate, on the epiglottis, the pharyngeal wall, and even on 
the inside surfaces of the cheeks. 


In man there is an oval area on the dorsal surface of the tongue 
that is free from taste buds, as is also the under side of the tongue, 
although during embryonic life the plica fimbriuta , or second¬ 
ary tongue (see Chapter \1), that forms the under part of the 
tertiary tongue of mammals shows the presence of taste buds. 

That the sense of taste in man is degenerating is proved not 
only by the fact that taste buds are more widely distributed 
during the fifth to the seventh months of fetal life than in the 
adult, but also by the fact, that the inner surfaces of the cheeks 
respond to taste far more keenly in children than in older persons. 

(d) Classification .—The subjective classification of gustatory 
sensations into pleasant, unpleasant, indifferent., or absent is 
better replaced by an objective grouping according to the types 
of gustatory stimuli. Four such categories may be accepted as 
demonstrable, namely, sweet, salty, sour, and bitter. Intcrgrades 
probably occur, and there is no doubt that confusion often re¬ 
sults, particularly with olfactory and tactile stimuli. Thus when 
one speaks of a “slimy” or a “gritty” taste, he is referring in 
reality^ to tactile stimulation, while the so-called “taste" of 
onions, wine, coffee, tobacco, tea, fruits, and spices is largely 
a matter of olfactory stimulation. Most “flavors” which are 
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commonly associated with the sense of taste arise largely from 
olfactory stimuli, as is realized when with a “head cold” the 
swollen mucous membranes largely occlude the choanal passages 
and food “loses its taste." 




Sour 

Fin. 603. 


Although indistinguishable from each other histologically, 
there are specific gustoreceptors, adequate for each of the four 
kinds of stimuli just mentioned, since, upon application of cocaine 
to the tongue tiic sense of bitter disappears first, then that of 

H C D sweet, salty, and sour in suc¬ 
cession. 

The distribution of the four 
kinds of receptors over the 
surface of the human tongue 
lias been carefully mapped 
(Fig. 6915), thus demonstrat¬ 
ing that the receptors of gus- 
Salt B'tte Swrof tat ion are different. From the 

Diagrams ol the* right halt diagrams in Figure 693 it will 
of tin* liimiiin tongu<\ illustrating l hr ilis- , 

triliiiiion of the l.asii* huds. Th,- .lots r. P - 1,0 S( - en ll,at sour receptors 
resent tlu* arei nd concentration of a predominate along the edge 

given sense of U ste. A, 1 he sour taste, eon- () f 11| 0 tongue; salty, both at 

centra ted on tie edge; B, the* saline taste*, .. . ... . , * 

ut the tip and , the ed R ,»: C., (hr trilt.T ll,< ‘ ll ? a,,tl rtl ,t,(> s,doS 5 b,t ' 

taste, at the li e; I), the sweet taste*, at ter, at. the base; and sweet, 

the tip. (Modified from Hanig. after Hie [jp 

Porke.r.) Extensive tests by Blakes- 

lee and others witb phenyl-thiocarbamide, a harmless substance 
which tastes bitter to most people, reveal the fact that all human 
beings are not equipped with the same array of gustoreceptors. 
Out of 2550 individuals tested in one series of experiments 65.5 
per cent reported the substance as bitter; 28.0 per cent, tasteless; 
2.3 per cent, sour; and 4.2 per cent, some other taste. It. is ob¬ 
vious that alt people do not interpret the same chemical world 
the same way, because of a difference in their gustoreceptors. 


3. IRRJTORECEPTORS 

The moist skin of amphibians and fishes is sensitive to certain 
chemical stimuli that, act as irritants. In reptiles, birds, and 
mammals, whose integument is adapted to conditions in dry 
air, the stimulus produced by common chemical irritation aside 
from that interpreted as taste or smell is confined mostly to 
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moist mucous surfaces. Here it may be very noticeable, as when 
a whiff of ammonia causes “watering of the eyes” or choking 
reflexes. These are stimuli transferred to the brain by the path¬ 
way of the fifth cranial nerve, instead of the first, and the recep¬ 
tors may properly be termed irritoreceptors rather than 
olfactoreceptors. 

Irritoreceptors are closely related to those of contact and pain, 
but are nevertheless distinct from them, as is demonstrated by 
the fact that cocaine differentiates them from each other, and 
also because they do not. become simultaneously exhausted upon 
rapidly repeated stimulation. Parker has shown that the tail 
of amphioxus, for instance, after it no longer responds to the 
application of weak nitric acid, is still fully responsive to the 
touch of a cannTs-hair brush. Cole has also demonstrated that 


a frog, anaesthetized by a one per cent solution of cocaine, to the 
point at which it is entirely oblivious to the mechanical stimulation 
of pinching or scratching, will still respond vigorously to the 
application of a salt solution. 

“We are, therefore, entirely justified,” says Parker, “in con¬ 
cluding that the common chemical seuse is a true sense with an 
important set of receptors and a sensation quality entirely its 
own.” 


By experiments of elimination it lias been shown that irri¬ 
toreceptors are free nerve endings with spinal or cranial con¬ 
nections, whose distribution is confined to the skin of aquatic 
vertebrates, or to the moist cutaneous surfaces of land forms. 


V. Gravity Organs 

]. EQUILIBRIUM 

Although equilibration and hearing are two quite distinct 
functions, the sense organs concerned have much in common 
in vertebrates and are often described as slalo-acouslic organs . 
The same is not true of invertebrates generally, since in them 
the sense organs regulating equilibrium, when present, are dis¬ 
tinct and independent, of those receiving sound waves. 

The function of equilibrium is unnecessary and absent in plant¬ 
like stationary animals, like hydroids and corals that remain 
attached in one position, although stationary plants possess de¬ 
vices which are comparable to gravity receptors, enabling stems 
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and roots to assume a position, positive or negative, with ref¬ 
erence to the center of the earth. 

This response, geotaxis , is not fundamentally different from 
equilibration in moving animals, that maintain their bodies by 
their own efforts in various positions with reference to gravity. 
Geotaxis is brought about by the arrangement of the component 
parts within the responsive cells, the heavier parts “settling” 
to the bottom of I he growing geotactic cells, thereby orienting 
them. 

There are three general types of equilibrium, namely, indif¬ 
ferent, stable, and labile. 

Indifferent equilibrium is uncommon and involves no specific 
receptors. It may be seen, for example, in the heliozoans, wJiich 
are spherical microscopic protozoans that hang suspended any 
side up without contact with solid objects, and also in the green 
globular colonies of Volvox , which roll about in pond water with¬ 
out definite orientation to gravity. 

Stable equilibrium , that likewise is not dependent upon special 
sense organs, applies not only to inert forms but also to living 
bodies, such as a flounder that comes to rest on one side, like a 
bicycle laid flat upon the ground. In this case the pull of grav¬ 
ity allows the animal to come to rest without individual mus¬ 
cular effort. 

When, however, the center of gravity is too high to allow bal¬ 
ancing without muscular effort, like a dog “standing on all fours,” 
or a man balanced upon two legs, then labile equilibrium is 
demonstrated. 

This latter type involves biological factors within the body, 
as well as the physical pull of gravity from without, for not only 
must a tension be maintained between opposing muscles to pre¬ 
vent collapse, but a coordinating nervous apparatus, including 
sense receptors, is also necessary to mediate between the body 
of an organism and the environmental setting in which it finds 
itself. 


2. STATORECEPTORS 

In lower free-swimming animals the sense organs of equilibrium 
are usually staloreceplors of some sort, depending for their action 
upon differences in the pressure of a comparatively heavy se¬ 
creted mass, the statolith, which is brought into contact with 
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sensory receptor cells that surround it whenever there is a change 
in the position of the body. 

Around the margin of a floating jellyfish at the base of the 
tentacles that hang like a fringe from the edge of the “bell,’' 
there may be arranged a row of statocysts, each consisting of a 
hollow chamber lined with sensitive cells and containing a pen¬ 
dulous “clapper,” which is made heavy by the deposition of 
limy salts in its end (Fig. 691). Whenever these fragile medusae 
in the course of their aimless voyagings upon the surface of the 
ocean are tipped up at an unusual angle by the force of the waves 
or by any other outside agency, the tiny loaded clappers within 
the statocysts swing over and bump the sensory cells that are 
on one particular side, with the result that the jellyfish rights 
itself sufficiently to bring the swing¬ 
ing clappers to a standstill, thus re¬ 
storing equilibrium. . 

If the statocysts half way around 
the margin of a jellyfish are care- 
fully dissected off or destroyed in 

any way, the animal is no longer dusa ,„ Hsist . inK 

able to right itself, but floats about of a weighted “clapper,” sup- 

in an unnatural attitude in the wa- wit * 1 sensitive “hairs,” 

, 4 1 , 1 1 wilhin a sensorv hell. (After 

ter. Anvone who has ever heard ,, . ■ x 

the clang of a bell-buoy and seen it 

rock back and forth when the surrounding water is agitated can 
understand perfectly the way the slatoreceptors of jellyfishes 
operate. 

Equilibratory mechanisms, presenting various modifications 
embodying this fundamental idea, occur both in free-swimming 
coelcn I crates and arthropods, as well as in various other inverte¬ 
brates. 


Among vertebrates the function of equilibration is accom¬ 
plished not so much by sialic organs alone, as through the co¬ 
operation of several sense organs, primarily devoted to other 
purposes. 

Thus a man maintains his upright posture without, collapsing 
through the interaction of (1) tangoreceptors upon the soles of 
the feet [hat are in contact with the ground, acting as thigmo- 
tactic pressure organs; (2) the sense of sight, which informs and 
reassures him of his relation to his surroundings; (3) the pro- 
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prioceptive muscle sense/' that, attends to the proper tension 
of the opposing muscles; and finally (t) nerve endings from the 
acoustic (YJIlth) nerve, connecting with the semicircular canals 
of the ears, which have a gravity function much like that of the 
statoreceptors of the invertebrates. 

If for any reason any one of these four factors is withdrawn, 
equilibrium is either upset or maintained with difficulty, as any¬ 
one may observe by watching a young child that is learning to 
navigate a toppling body upon wobbly legs. 


excitor 

“hairs" 





'‘v.N 

v 

sensory 'S. 
epithelium 



3. SEMICIRCULAR CANALS 

The semicircular canals are embryologically inseparable from 
the vertebrate ear, therefore, their origin and arrangement will 
be more fully considered in connection with t Ik*, ear. It. is only 

necessary to point out 
* ■•^-epithelium here that they are typ¬ 

ically three in num¬ 
ber and are placed 
approximately at. right 
angles with each other 
in the three planes of 
space, there being a 
lmlbar enlargement, 
or amjnillu* at one end 
of each of the iluid- 
filled semicircular 
tubes. The ampullae are static sense organs, responding to the 
stimulus of differential pressure. In order that the body move¬ 
ments may not upset these biological seismographs, they are 
buried deep in the temporal bone, which is the densest bone of 
the skull. 

A group of delicate receptor cells, bearing stiff hairs, projects 
into the lluid-lilled cavity of the ampulla (Fig. ()95) and con¬ 
nects with the \estihular branch of the \ tilth nerve, forming 
a device which receives stimuli from the movement of the fluid 
(endolymph) contained within the lube, whenever the apparatus 
is tipped into a new position. 

Since the semicircular canals occupy three different, planes, 
the combined stimuli received by the three ampullae make it 
possible to delect, any shift in position, thereby initiating mus- 


— —nerve 

Fig. (> f )5.— Long sfvlioji through lh<* ampulla of a 
iish. (iofnds. (Alter Hensen.) 
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cular responses appropriate for the niaiiilenanee of equilibrium. 

Otoconia , which are either cryslals or concretions of calcium 
salts, may be secreted in the ampullae and become attached to 
the projecting hairs of the receptor cells, thus weighting I hem 
so that the movement of the endolymph within 
the canals is registered with greater delicacy (Fig. 

696). 

Within the stab receptor apparatus of the ear of 
Jishes similar limy concretions may acquire consid¬ 
erable size and solidity, when they heroine known 
as otoliths , or “lucky hones” of fishermen. These 
otoliths are used to determine the approximate age F*c;. 69(>.— 
of individual Jishes, since thev show lines of grow l h, * *'!’ 0, °hthic 

resembling the rings oi growth m the woody trunk ih<> lining 
of a tree. wiiJi thoir hair- 

The statoreceplor mechanism of the semicircular llk< , .. pi ‘ , j <krl,(ms 
canals does not present any great amount of vari- granules mJhrr- 
ation throughout the vertebrate series. except in big to them, 
cyclostomes. The haglish, i\ lysine, equipped with ^ lir,ou " 

a single semicircular canal bearing an ampulla at 
each end, and the lamprey, l\>tromy:on , with two canals, the third 
one being missing, can no more sense' a three-dimensional world 
than we, with three canals, can understand the “ fourth dimension.” 

The abnormal semicircular canal system of cyclostomes is 
probably more a degenerate than a primitive system, dependent 
upon the semi-attached habit of these parasitic \erlebrates. 

The peculiar erratic circling movements that are characteristic of 
Japanese waltzing mice are correlated with defective statoreccptive 
organs, or semicircular canals. 


4. WEBER S ORGAN 

A problematical structure called Welter's organ is found in 
connection with the stato-aeoustic apparatus in the ear of certain 
physoclislous fishes, whose swim bladder has lost the duct lead¬ 
ing to the pharynx by means of which its hydrostatic function 
is effected. As the pneumatic duct of the swim bladder disap¬ 
pears, the two endolymphatic ducts of the membranous laby¬ 
rinth of the ear form a sinus, connected with the closed swim 
bladder by a row 7 of small ossicles. This is Weber’s organ, a 
hydrostatic device which brings about a muscular reaction upon 



790 


BIOLOGY OF THE VERTEBRATES 


the walls of the swim bladder through stimulation by way of the 
ear, thus modifying the tension of the gaseous contents of the 
bladder and serving to adjust the position of the fish in the water. 


VI. Phono receptors 


Hearing consists in the reception and interpretation of stimuli 
caused by vibrations of material particles. For this purpose 
the auditory sense organs have been evolved, first among lower 
forms that are submerged in water. Later, after emergence into 
the rarer medium of air, these organs become of greater im¬ 
port an co¬ 
rn fishes the lateral-line organs, or rheoreceptors already men¬ 
tioned, take the place to a considerable exteiit, of organs of hearing, 
since currents produced by moving water and disturbances 
of slow vibrations rather than “sounds” are the most important 
environmental changes to dwellers in the silent aquatic world. 

Wo doubt, to many transitional thigmotaetic animals, partic¬ 
ularly to amphibians whose bodies are not yet elevated from 
major contact with solid earth by means of supporting legs, the 
vibrations which are of the greatest service and for which their 
sense organs are especially adapted are seismic rather than 
auditory in character. It is mostly, however, vibrations which 
pass through the air that are concerned with the true sense organs 
of hearing. In this rarer medium, through which sound waves 
pass more slowly and with less intensity than through the denser 
media of water and earth, it becomes the lask of evolution to 
elaborate intensifying and collecting devices of various sorts 
to supplement Ihe sensory auditory receptors. 

It has thus come about that the auditory apparatus of the 
higher land vertebrates consists not, only of a sensory receiving 
apparatus, the, inner ear, hut also of a middle, and an outer ear, 
whose supplementary function is primarily the collection and 
amplification of vibrations from the air. 

Of these three pairs of “ears.” the inner ears alone are essen¬ 
tial and present in all vertebrates that hear. In amphibians the 
middle pair of ears is added, although it. is incorrect to speak 
of a “middle ear * until the outer ear, which begins with reptiles 
and reaches its highest elaboration in mammals, is developed. 

In describing the vertebrate ear it may be well to consider 
the simpler accessory parts first, and the more complicated and 
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essential parts of the inner ear last, following the path taken 
by sound vibrations as they reach the brain of the listening animal. 

1. THE OFTEN EAR 

The outer ear of the higher vertebrates consists of a projecting 
flap, the pinna , which is furnished with muscles , and an auditory 
canal . The pinna, a mammalian acquisition, is ^ 

a peculiarly molded, flat, skin-covered, elastic 
cartilage in man with a cuplike depression IvrJ* \\ 
called the concha , in the center, surrounding /' ar ' lhe,ix 

the entrance into the auditory canal. This / drt,lnt * w * 
opening is guarded on either side by two pro- ^^^“ ,obule 
jections, the tragus , and anlilragus (Fig. 697). Fig. 607.- Pimm of 
The lower end, or lobule of I he human ear, " himmii| <HI * (A.f ter 

is fleshy, pendulous, and without cartilaginous 
support. In a considerable percentage of human kind it. is absent, 
or at least not free from the side of the head. The upper curv¬ 
ing edge, or helix , of the pinna often presents an appearance sug- 

^—n. gesting animal ancestors (Fig. 698). When 
^ f \ / v\ unrolled at the upper margin and more 

i\\ / v\ I or less pointed, if is known as 1 lie “satyr 

C / [s' jj ear,*’ such as was possessed by Donatello 

^ ^ ' j/ q in Hawdhorne's famous story of The Mar- 

,, hie Faun. If the projecting part is folded 

r re. 698. -Outlines of . . k . 

two oars. A, monkey. A/a- mwM it. makes the so-called Darwin s 

cacus; B, a human pinna, point/' more, often seen in human males 

showing Darwin s point, (Jian females and quite characteristic of 

resembles the projection monkeys and apes, hmbryomcally the 

on the pinna of t he pinna passes through the satyr stage be- 

monkey h ear. (After f oro attaining its final characteristically 
Schwalbe.) , 

human outline. 

The pinna develops on either side of the spiraeular cleft which 
becomes the locus of the auditory canal. It arises originally as 
six knoblike elevations, three of which are borne by the man¬ 
dibular, and three by the hyoid arch (Fig. 699). 

Pinnae become degenerate in aquatic and burrowing animals, 
such as seals, gophers, and moles, where they would serve no 
good purpose and might even be a disadvantage, but they are large 
in animals like bats that are active at night or in twilight, 
as well as in fast runners of open spaces, such as deer, hares. 


A v^/ B 

Fig. 698. -Outlines of 
two ears. A, monkey. A/a- 
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kangaroos, and antelopes. Also in arboreal animals, like squirrels, 
whose eyes are protected to a certain extent by the ears from 
chance encounters with twigs and branches, they are generous 
in size. 

The external ears of bats, like the antennae of insects, are 
provided with tangoreceptors, which aid in avoiding obstacles 

_ —during crepuscular activities, 

^ -but for the most part pin- 

fl ) nae are principally useful in 

\ v v / \ catching the direction whence 

\ . 2$ 4 I \ 1 i i n 

( Ql ' x'&s'J 1 sound waves come. A deal 

I f v 1 person sometimes supple- 

y v / iBents this function of the 

pinna by cupping the ear 
Fk, 6W. Kml-ryoni,, slaves in the do- ^ 1he lian(] 
velopmenl ol l.iit* pinna. J, tragus: J,.i y 

helix; 4,. r >, ani,helix; 6\ ani-itragus; Many animals have pm- 


F.„6W. F,nl,ryoni ( , ,la K es in the do- wi , () liatu] 

velopmenl ot I lie pinna. z, tragus: 

helix; anihelix; 6\ aniiiragus; /,2,.V, Many animals have pm- 
elevalionsof mandibular arch; elevu- pap that are 1UOV ably hinged 
tion s or hyoid j.nh; A.F. uuri. ulur fold; , t , gkll „ and ' SU|)() l ie d 
O.V., otic* vesicle. (Allei Are>.) 

with muscles, so that they 
may be easily directed to detect the source of sounds without 
the inconvenience of turning a heavy head. 

The car muscles are under the control of the will. They are 
of two kinds, intrinsic within the pinna itself, and extrinsic , con¬ 
necting the pinna with the skull, thus effecting the movement 
of the external ears (Fig. 586). 

In many breeds of domestic animals, as for example, pigs, 
sheep, goats, dogs, and rabbits, “lop ears” develop that lack 
much of muscular control as contrasted with upright hinged 
pinnae. In the security that comes with long domestication 
these animals have lost something of the habitual alertness that 
is the salvation of wild animals. Elephants arc perhaps the only 
wild forms with pendulous noii-ereclile ears, but the self-conli- 
denee that goes with dominant size no doubt makes the direc¬ 
tion from which hostile noises come a matter of comparative 
indilference to them. 


In mammals the auditory canal is the external passage-way 
that leads to the middle ear. Jt is about 2.5 centimeters long 
in man, slightly bent and larger at either end than in the mid¬ 
dle. For the external third of its length its walls are kept rigid 
by cartilage, continuous with that of the pinna, while for the 
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remainder of the way into the skull the walls become bony, form¬ 
ing a projecting tube from the temporal bone in which both the 
middle and inner ears are housed. 

The auditory canal is lined with skin, and is supplied with 
wax glands and outward-projecting hairs , both of which are de¬ 
vices that serve not only as dust-arresters, but also for the dis¬ 
couragement of crawling and Hying insect explorers. 



2. THE MIDDLE EAR 

On either side a middle ear, or tympanum, in the form of an 
irregular air-filled chamber, is hollowed out. of the temporal bone 
between the external auditory canal and the inner ear. 

A deep attic-like dorsal recess, the epilympanum , communi¬ 
cates with mastoid “cells/' or spongy cavities, in the blunt mastoid 
process of the temporal bone (Fig. 

700), and below the Eustachian lube 
opens into the pharyngeal cavity 
(Fig. 701). 

Across the inner end of the audi¬ 
tory canal and separating it from 
the middle ear is the “ear drum/' 
or tympanic membrane, which is 
stretched across a circular bony 
frame, the annulus tympanicus . In 
man it is about 1 mm. thick and 
10 mm. in diameter, being slightly 
thicker in the center than around the margin. Tt. is set ob¬ 
liquely across the passage-way, and thus a larger car drum with 
a greater expanse of surface is exposed to the impact of vibra¬ 
tions than would be possible if it extended squarely across at 
right angles to the auditory canal. The ear drum is relatively 
nearer the surface in a child than in an adult, while a newly born 
infant is temporarily deaf until the collapsed tympanic cavities 
are filled with air by way of the Eustachian tubes, following the 
effort that accompanies the first protesting cries with which it 
greets the world. These “first cries” of the newly born have been 
called the most joyful sounds in all nature, for they assure the 
anxious listeners that the young stranger is a going concern, hav¬ 
ing marvelously made the critical transition from uterine existence 
to citizenship in the world. 


Fig. 700. A section through 
the mastoid process, showing the 
spongy character of the hone. 
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On the face of the tympanic wall opposite the ear drum and 
next to the inner ear, are two windows, the fenestra vestibuli and the 
fenestra cochleae , similarly curtained by drumhead-like membranes, 
so that the middle ear bears some resemblance to a hollow drum 
with very small membranous heads at the two ends. 

The tympanic cavity , or middle ear, in land forms is derived from 
the ancestral spiracular cleft of the elasmobranch fishes that lies 




Fig. 701.- -Diagrams of stages in the development of the ear. a.p., auditory 
pit; a.s., auditory sae; e, eoehlea; d.e.. ductus endolymphat.ieus; Eust.t., Eus¬ 
tachian tube; i, incus; L, lagenu; in, malleus; Ph, pharynx: s, sacculus; sc, 
semicircular canal; st., stapes; u, utriculus. (After Brandt.) 


between the mandibular and hyoid arches of the primitive splanch- 
nocranium, but. which, in forming the middle ear, never breaks 
through to (he outside. The intervening “skin” remaining at the 
outer end of the spiracular cleft becomes the ear drum, while the 
opposite end extends to the pharynx as the Eustachian tube. 
Thus the ear drum is a membrane made up of an ectodermal 
layer on the outside and an endodermal layer on the inside. 

The Eustachian tube is a ventilator of the tympanic cavity. 
Broader at the pharyngeal than at the tympanic end, it remains 
closed except during the act of swallowing when it may open suf¬ 
ficiently to permit an adjustment of air within the tympanic cav- 
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ity. When the pressure of air is so adjusted that it is the same on 
the inside of the ear drum as on the outside, the drum is thus made 
free to vibrate slightly back and forth in response to the impact 
of sound waves. When one enters a tunnel in which the pressure 
of the air is above that of 


the atmosphere outside, the 
car drum is pressed slightly 
inward and, like a bellying 
sail in a still’ breeze, does 

not vibrate. To relieve the 

* 

sense of pressure in the 


only necessary to swallow, 
thus admitting more air 



tube into the middle ear 
chamber. 

Sound waves which im¬ 
pinge upon the tympanic 
membrane are handed 
across the tympanic cavity 

to the inner car, intensified ravily . (Ml , r H (mv iere.)' 

and with their amplitude 

reduced during the passage, by means of a chain of three tiny 
ear bones, the ‘‘hammer,” malleus; the “anvil,” incus; and the 
“stirrup,” slopes (Fig. 702). 

The malleus is attached to the inner face of the ear drum by 
its “handle,” while the stapes, which is articulated to it by means 
of the intervening incus, fils into the membrane stretched across 
the fenestra vestibuli and, somewhat like the plunger of a piston, 
transfers by a thrust to the inner ear the sound vibrations which 
strike the drum. 

In amphibians, instead of a chain of three bones, there is a single 
rodlike columella , extending from the. ear drum directly to the 
fenestra vestibuli (Fig. 703, A). "Phis device forwards vibrations 
from the drum to the inner ear with equal power and amplitude, 
instead of with an increased thrust and lessened amplitude as is 
the case with the chain of ear bones in mammals. 

There may be two parts to the columella in reptiles and birds, 
either jointed or fused with each other (Fig. 703, 13). The inner 
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element, which is homologous with the stapes of mammals, is the 
plectrum. , while t he outer pari, close to the drum is called the extra - 
columella. 

In monotremes and marsupials the stapes remains cylindrical 
and solid at the enlarged inner end, like a pestle, but in other mam¬ 
mals it is pierced by a hole through which a Wood vessel passes, 


* m 




P 'col. £T * 

Flo. 703. Far hones. A, Caudales. F, fool-plalc oi‘ columella; Hy, hyoid; 
A1<1; mandible; VI.op, opercular muscle: Op, opereuliim; Pip plerygoiiuadinlo; 
Sc, scapula. Sip squamosal; Si, stapes, or columella, (\fler Kingsbury and 
Heed ) It ' I'urtlcs . Got, columella; E.T., Eustaehian tube. K\.G. extra-eolu- 
inella; Op, opislliotic: Pi, pleiygoid, O, qundrale; <)..! , quadra lo-jugal; Sac, 
smruliis; S(j, squamosal; T>, tympanic membrane: Ty.C., tympanic cavity. 
(After Plate.) 

so that il takes on a fancied resemblance lo a stirrup, lienee its 
name. 

Two tiny muscles within the tympanic cavity* the tensor lympani 
attached lo the malleus and supplied from Ihe Vffill cranial nerve, 
and the stapedius , which is fastened lo the stapes and supplied 
from the \ 111 cranial nerve, regulate the tension of the tympanic 
membrane and adjust the titling of the stapes in the fenestra ves- 
tibuli respectively. 

The eai hones have a dramatic, origin, being made over from 
skeletal elements of the splanelniocraniiim that formerly were put 
to quite different uses. The amphibian columella corresponds to 
the hyomandibular element of fishes, ilial is, lo the most dorsal part 
of the hyoid arch. The inner end of the columella is homologous 
with the stapes of the mammalian ear, while the malleus and in¬ 
cus, which are peculiar to mammals, are derived from the arti,c~ 
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ular bone of the primitive lower jaw, and the quadrate bone of the 
original upper jaw respectively (Fig. 188). Thus mammals may he 
said to hear through the jaw T bones of their phylogenetic ancestors. 

3. THE INNER EAR 

(a) Structure. —The baffling inner ear, buried in tlie dense tem¬ 
poral bone, is made up of extremely delicate (ells surrounded in 
life by fluids. It is a very difficult structure to dissect, and con¬ 
sequently histological sections, ow ing to different technics employed 
in their preparation with the inevitable distortion that results, 
have not always presented a dependable pic¬ 
ture of the truth. Nevertheless essential agree¬ 
ment about many details has been gained. 

The inner ear, which contains the essential 
phonoreceptors, is a closed ectodermal sac, the 
membranous labyrinth , peculiarl> molded and 
called a “labyrinth" on account of its com¬ 
plicated structure (Fig. 701). It is filled with 
a fluid know n as endotymph and is surrounded 
by a bony labyrinth in the form of a case 
hollowed out of the petrosal part of the tem¬ 
poral bone, conforming intimately to the 

contours of*the membranous labyrinth. The 1)1 1,10 \* 11 membranous 
. , , ... . . . a I... . labyrinth ol a vert<*- 

bony labyrinth contains, in addition to the | )ril ' lr ( . ar i i,tric- 

membranous labyrinth, a fluid, [he perilymph , ulu.s, 2, sumilus; 

that (ills the space hot ween the two labyrinths, die ^emirirnilar eanuls 

. i i v\i!h their ampullae (6, 

I he membranous labyrinth consists ot an 7 ^ t> maru | n uir j t ._ 

utricular region , of which the st.atorecept.ive uii, to, maailu saeculi; 
semicircular canals are a pari, and a saccular H.mm-ula Ingenue; 12, 

region , which in mammals is drawn out into (A ru-rWicdcrshuim.) 
a cochlea , tlial is spirally arranged to econo¬ 
mize space (Fig. 705, F). The utricular region is closely sur¬ 
rounded by perilymph in which it floats, being partially held in 
place by strands of connective tissue. In the cochlear region of 
the sacculus the inner membranous sac is in direct contact, with 
its bony envelope along one of its three sides, and thus is not. 
completely surrounded by the intervening perilymph. 

The entire fluid-filled double labyrinth is effectively shut off from 
the air-filled chamber of the middle ear so that no leakage of peri¬ 
lymph occurs, although two fenestrae. or windows, are present in 
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the wall of the partition separating the tympanic cavity from the 
inner ear. One of these windows, the fenestra cochleae , is closed by 
a membrane, or inner ear drum, stretched across the opening, 
while the other, the fenestra vcstibuli, in addition to a closing mem¬ 
brane, is plugged by the enlarged end of the stapes. 

The membranous labyrinth in the elongated cochlea divides 
the bony labyrinth into two longitudinal chambers filled with peri- 



Fig. 705.—Diagrams of the left labyrinth of the ear of, A, a leleost; B, a 
frog; C, turtle; I), crocodile; E, bird; F, mammal. 1, macula utriculi; 2, macula 
sacculi; 3, macula lagenae; 4, basal papilla. (After Hesse.) 

lymph, called the scala veslihuli above and Iho scalu tympani 
below. The cavity within the membranous labyrinth, which is filled 
with endolympli and lies between the two perilymph-filled cham¬ 
bers, is called the scala media (Fig. 706). 

The floor of the scala media upon which the phonorcceplive ap¬ 
paratus is supported is the fxisilar membrane , while its slanting 
roof is a thin, vibrating cellular sheet of tissue, Re issuer s mem¬ 
brane , separating the perilymph of the scala vestibuli from the 
endolympli of the scala media. 

At the distal tip of the coiled cochlea the scala vestibuli becomes 
continuous with the scala tympani through a common passage¬ 
way called the helicofrenia (Fig. 707), but the scala media at the 
distal end of the cochlea ends blindly. 

Inside the scala media and supported on the basilar membrane 
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are orderly rows of differentiated cells running lengthwise like a 
striped ribbon to the tip of the cochlea. These rows of cells form 


the organ of Corti , or the re¬ 
ceptor apparatus for hearing, 
named in honor of Alphonso 
Corti (1822-1876), who in 1851 
first- discovered many micro¬ 
scopic details of the inner car. 

The most important cells of 
the organ of Corti in man are 
five rows of hair cells , which 
are the phonoreceptors proper. 
They are connected with neu¬ 
rons of the audit ory nerve I hat 
transmit to the auditory cen- 

k' 

ters in the temporal lobes of 
the cerebral cortex the vibra- 



Fio. 706. (toss sort ion through tho 
cochlea. (ATier Rurfon-Opitz.) 


t°ry k 1 1 n ^ j vt d. lit 1i ci i r cells in the human ear are 

variously estimated to be from 13,000 to 51,000 in number, each 

one with perhaps 10 cilia, 

<■ —_,_ vrhelicotrema k .. - . 4 . .. 

or > iairs at the receptive 
/ i end, projecting into t ho 

/ 7 scaia media ci.dolyinph. I hey are ar- 

j scaia tymponi ranged along the basilar 

(&& 4, membrane in two bands 

mL ' separated from each other 


yd 


in&< 


m*, , 




' ir Vah 


taio-acoustiC 

nerve 


•SaI* a' 


|p|^ ' separated from cadi other 

^ by two rows of supporting 

^ ?&/ pillar cells that lean against. 

v -_. / } ,S t % * each other so as to form 

J *. ’U / TftVota co-acoustic . _, w .. 

(]•. 1 '(? ncrve an archway (rig. <08). 

$ ip The inner band consists 

' 1*7 d ^'{ > ,1 . , /* 1 • 

■Va'Zs -.ail oi a single row 01 hair 

cells, while in the outer 
Fin. 707.— Axial section through a decal- band there are in man 

St ) R ° Chle!i ° f “ nUW ' b ° rn ° hild - (AttCr four parallel rows, with 

supporting Deilcrs cells 

interdigitating between them and holding them apart. 

The hair cells all increase in size towards the tip of the cochlea. 
They were interpreted by Helmholtz (1877) as selectively ade¬ 
quate for separate sounds, like the strings of varying length on a 
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harp or piano each of which vibrates responsively to some partic¬ 
ular tone that reaches it. The more generally accepted theory of 
hearing, however, does not assign the analysis of different tones 
to different individual receptive hair cells, but considers that the 
stimuli are received by all the hair cells together and handed on 
to the brain for analysis. 

Lateral to the wider band of hair cells are five or six rows of the 
sustentacular cells of I Jensen, grading over into rows of the cells 


Mem brans lector *3 



~ Nerve 


Fig. 708. - Cross sort,ion through the on/an of Corfi wilhin the membranous 

labyrinth (seala media.) (Al ter Szymonowiez.) 


of Claudius to form the peripheral wall of the scala media where 
it comes in contact with Ihe bony labyrinth. Along the opposite 
margin of the bandlike organ of Oorti is a projecting ridge, the 
lamina spiralis , from which there extends into the endolymph a 
flat ribbon-like struct ure, the rnembranu leclorixi , one edge of which 
is attached along the lamina spiralis, while the other edge overlaps 
the ciliated ends of the hair cells. Whenever the endolymph, in 
which the membrana tectoria floats, is agitated by the impact of 
sound waves, this membrane lightly impinges upon the receptive 
hair cells like a dampening piano pedal. 

Thus sound waves, originating at some sonorous outside point 
in the form of material particles of air hitting upon one another, 
reach the car drum and set it into vibration, if the pressure on the 
two sides is equalized. The vibrations of the drum are handed 
on to the chain of ear bones that span the tympanic chamber of 
the middle ear (Fig. 709). The last, bone in this chain, the stapes, 
fitting into the fenestra veslibuli, acts as a plunger that agitates 
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the perilymph in the scala vestibuli, and the vibrations passing 
on and around through the helicotrema at the tip of the cochlea 
into the scala tympani eventually become spent upon the mem¬ 
brane stretched across the fenestra cochleae at the end of the 



Fig. 709.— Schematic repre¬ 
sentation of the, displacement of 
the stapes, due to tin* contrac¬ 
tion of the* stapedius muscle. A, 
stapes in repose; II, stapes dur¬ 
ing contraction of the stapedius 
muscle. I, base of the stapes; 2, 
anterior border of the fenestra 
vestibuli; 3, pyramid; 1, lendon 
of stapedius; a, anterior portion 
of annular ligament of stapes, 
longer lhan;b, the posterior por¬ 
tion of same ligament; x x, an- 
tero-posterior diameter of fenes¬ 
tra vestibuli, passing through 
base of resting stapes; y, point 
of passage of vertical line w hich 
represents axis of rotation of 
stapes. (After 'Festut.) 



Fn; 710. -Diagrammat¬ 
ic section through the in¬ 
ner ear of man, showing by 
arrows the course of \ ibra- 
tions in the perilymph. 1, 
tympanic cavil > ;2, Eusta¬ 
chian tube; 3, incus; 4, sla- 
pes; 5, \ cstihule of internal 
ear, tilled with perilymph; 
6, utriculus; 7. central ca¬ 
nal of cochlea; 8, seala ves- 
tibuli; 9, saeeuhis; 10, en¬ 
dolymphatic duct between 
saceulns and utriculus; I!. 
ampulla of semicircular ca¬ 
nal; 12, canalis reunions; 
13, scala tympani; 14, heli- 
cotrema, 15, feneslra Ivm- 
pani. (After Hurton- 
Opit./.) 


scala tympani. This device acts as a safely valve by allowing the 
vibrations set up in the incompressible perilymph, confined within 
the rigid walls of Ihe bony labyrinth, lo die away gradually 
(Fig. 710). The passage of the vibrations in the perilymph along 
the scala vestibuli and around through the helicotrema into the 
scala tympani affects the basilar membrane. The resulting move¬ 
ment in turn is transmitted through the Ihin Heissner's membrane 
to the endolymph within the scala media where it finally agitates 
the receptive hair cells of the organ of Corti, and is transmitted 
through the auditory nerve to the brain to be interpreted as sound. 

The amplitude of the vibrations determines the loudness of the 
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tones produced, while the pitch , whether it be high or low, is cor¬ 
related with the frequency, or relative number of vibrations per 
unit of time. The quality, or timbre , of a tone, by which the differ¬ 
ence between a human voice and a violin, for example, is detected 
when producing t he same musical note, is dependent upon the char¬ 
acter , or shape, of the sound waves when visually recorded, as also 
upon the overtones , or accompanying sympathetic vibrations of 
different harmonious nodal lengths which may be added to the fun¬ 
damental tone. Vibrations without uniformity in wave length or 


Auditory 

nerve 



shape fall upon the ear as “noises,” while 
vibrations repeated with regularity of 
form and shape give rise to “tones.” 

The organ of Corti is not the only termi¬ 
nus for the auditory nerve within the 
membranous labyrinth. There is a so- 
called crista , or group of stimulus receptors 

Fig 711. Diagram to ( . omi <» c [ e( j w ilh the vestibular branch of the 
show the endings ol tlm , . , .... 

stato-aeonst.ic (VIII) ihtw; ' tilth cranial nerve, m each ol the serrn- 

in the me.nibiunoiis lahy- circular canals (Fig. 71 1), and in addition 

riuth and cochlea. (Alter (licre are three cushion-like patches of sen- 
Huvley.) 

sory endings, also statoreceptors like the 
cristae, the macula, ulrieuli and the macula neglecta in the wall of 
the utriculus, and the macula sacculi in that, part of the sacculus 
which is not drawn out to form the cochlea (Fig. 704). The ma¬ 
cula neglecta, which is double in some lislies, is absent in mammals 
including man. 

(/>) Comparative Anatomy.- There is no ear in amphioxus. 
Among cyclostomes I he membranous labyrinth in Myxine is a simple 
undifferentiated sac with one single semicircular canal. In Pel- 
rornvzon two canals are present, with a constriction in the sac that 
indicates the beginning of a separation into utriculus and sacculus. 
A macula communis in I he saccular end, along with a crista in each 
ampulla, represents the nerve terminals. 

Tn lislies generally the ear hardly rises above the static function 
of equilibration. Three well-developed semicircular canals and a 
primitive sacculus, frequently provided with an otolith , offer ana¬ 
tomical evidence that the ear of fishes is static rather than audi¬ 
tory in function. It is extremely doubtful whether fishes can 
“hear,” although they respond readily to certain types of jarring 
or vibration, by means of their lateral-line organs. Whatever vi- 
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brations from the surrounding water reach the labyrinth of the 
ear, do so directly through the skull or through the spiracular open¬ 
ing, for no middle ear or outer passage-way is yet elaborated. An¬ 
other reason why fishes are probably oblivious to sounds borne 
on the air is that, although sound waves transferred under water or 
through solid objects, as a telegraph wire for example, travel more 
readily than in air, it is very difficult for vibrations to pass unhin¬ 
dered from thin air into the denser medium of water. 

In frogs and toads but not in eaudates, the spiracular cleft en¬ 
larges into the tympanic cavity, which is not properly a ‘‘middle 
ear” since no outer ear is present. A large external ear drum, con¬ 
nected by a columella with the inner ear, is placed at the level of 
the skin, and is consequently much exposed to injury. 

The first true auditory nerve terminals appear in amphibians 
in the form of the macula negleota and the papilla has Haris, the 
latter structure being of importance since it becomes the sensory 
receptor within the lagena that later coils to make the cochlea. 
The macula neglecta continues to be represented in reptiles and 
birds but disappears in mammals. The car drum becomes sunken 
in reptiles and birds, forming a pil which is t he beginning of the 
external auditory canal. Some lizards and crocodiles have an ear¬ 
fold at the margin of t he pit which foreshadows the pinna of the 
mammalian ear. By means of this fold an alligator is enabled to 
close the short auditory canal while submerged in wafer. “Horned 
owls” and certain other birds have the earfold supplemented by 
upstanding feathers. The tympanic cavity of snakes and legless 
lizards is much reduced or absent, since direct contact with the 
ground is the means employed for the reception of seismic vibra¬ 
tions on the part of these highly thigmotaefic animals. 

In birds and crocodiles the two Kusfachian canals form a median 
duct that enters the mid-dorsal region of the pharynx by a single 
opening. In the inner ear of reptiles and birds the curving lagena 
becomes the auditory center (Fig. 705), while in mammals the la¬ 
gena curves still more to form the compact spiral space-saving 
cochlea. The extent to which the cochlea is coiled in various an¬ 
imals is as follows: Echidna , whale, 1 \ horse, 2; rabbit, V/ 2 \ 
man, 2 ^ 4 ; cat, 3; cow, V/i\ pig, 4; South American “paca,” Coe - 
logenys , 5. 

The development of two scalae, vestibuli and cochleae, in the 
bony labyrinth of the mammalian ear, whereby waves of perilymph 
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arc confined to a definite path, and the establishment of the fenes¬ 
tra cochleae as a safety valve against excessive vibrations, are fur¬ 


ther mammalian refinements. The malleus and incus of the mid¬ 
dle ear are also added in mammals, while the auditory canal of the 
outer ear becomes elongated and bent, thus affording greater pro¬ 
tection to lhe ear drum. 

(c) Development of llie Membranous Labyrinth .—The inner ear 
being primarily a static organ is placed at the anterior end of the 



Fi<;. 712. --Throe* slaves in tin* <h*\clopment of the human membranous lab>- 
rinth at the end of the fourth week. It, at the end of the sixth week; C, at 
the end of the tenth week. (After Streeter.) 


system of lateral-line organs and is probably derived from it. Like 
the pits of the lateral-line organs the membranous labyrinth of 
the ear is first of all an ectodermal in v aginal ion, appearing as an 
isolated vesicle on either side of the head about opposite the an¬ 
terior end of I he m>elencephalon. As it sinks below the surface 
it leaves an inrayinution canal , which at first remains open to the 
outside but laler is closed off, thus making the vesicle of the fu¬ 
ture inner ear a completely closed sac surrounded by mesodermal 
tissues. 

By constriction this sac is next marked ofT into an utricular and 
a saccular portion, at the utricular end of which the walls become 
pinched together into three flattened, semicircular folds placed ap¬ 
proximately at right angles to each other. At the center point of 
each of t hese flattened folds where the inner surfaces are brought 
into contact with each other by the pinching process, absorption 
of tissue occurs, leaving behind the three loops of the semicircular 
canals without destroying the continuity of the geueral cavity 
within the sac or allowing it to break through to the outside. 

Meanwhile the sacculus, which at first is nothing more than an 
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accessory reservoir for the endolymph supplying the semicircular 
canals, sprouts out an elongation, the lagena , that eventually be¬ 
comes the coiled cochlea with an auditory rather than a static func¬ 
tion (Fig. 712). 

In land vertebrates, at the same time that the inner ear is com¬ 
ing into its own, the air chamber of the middle ear is being formed 
close by, out of the ancestral spiracular pouch and cleft, while, fol¬ 
lowing the elaboration of the secondary jaw apparatus, certain 
relics of the primitive splanchnocranium, having lost their original 
employment as skeletal mouth parts, move into the middle ear 
chamber to assume the new role of ear bones. 

Thus a favorable conjunction of various preliminary processes 
has given to man the wonderful gift of hearing whereby he can dis¬ 
tinguish sounds that range from the chirp of a cricket to the rum¬ 
ble of thunder. 

A brief summary of the evolution of the human ear shows that 
in the first place as a result of the struggle for existence a more ef¬ 
fective ability to “bite” forced the strengthening of the jaws, which 
entailed a securer anchoring of the lower jaw direct ly to the cranium, 
instead of its secondary suspension from the skull by means of the 
hyomandibular apparatus. As a consequence of the release of the 
hyomandibular element, this was left available to become trans¬ 
formed into the columella or the stapes. The rise of the second¬ 
ary investing jaw bones and the formation of the hard palate 
allowed for the transformation of the proximal ends of these prim¬ 
itive and temporary jaws, now rendered superfluous in their former 
capacity, into the malleus and incus. Finally, the fact that air con¬ 
tains about 30 times as much oxygen as water made it inevitable 
that pioneer dipnoans and amphibians should arise to lead the ver¬ 
tebrate hosts out of the restricting bondage of a watery environ¬ 
ment into the promised land of air, whereby the spiracular canal 
became a sound-transferring, instead of a respiratory, device. 
When it is furthermore remembered that the evolution of hearing 
has as its corollary voluntary voice production, involving not only 
mating calls and warning cries among higher animals, but also hu¬ 
man speech upon which rests the communication of ideas and the 
dominant culture of man, it is evident that the transition from 
water to land that initiated and compelled these developments is 
one of the most important turning points in the entire history of 
living things. 
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VII. Photoreceptors 

1. IN GENERAL 

The most important and far-reaching of all the sensory 
avenues of knowledge concerning the external world is through 
the sense of sight, which pictures not only the changing scene, 
but also records place, movement, and distance of outside ob¬ 
jects. Most of the other senses, such as taste, smell, touch, and 
temperature, furnish information concerning only the immediate 
environment. It is true that the radius from which impressions 
arrive is much enlarged by the sense of hearing, but hearing 
after all is confined to geographical distances even when aug¬ 
mented by the marvelous mechanical extensions that are made 
possible by radio. Although one must travel in order to “see” 
distant lands that lie beyond the horizon, as well as to come 
into contact with distant stimuli of any sort, it is quite possible 
to stand still upon a starry night and ?ee the heavenly bodies that 
mark the very outposts of the known universe. What an in¬ 
finitude of space is comprehended in the statement that one can 
see a star! 

None of the human senses is so sorely missed as sight. After 
Beethoven became deaf and could no longer hear the musical har¬ 
monies which teemed in his fertile brain, he became an object of 
sympathy, but a blind astronomer or painter, living upon mem¬ 
ories of what he can no longer see, would surely be a sadder 
figure. 

Nevertheless, sight is by no means an universal or an indispen¬ 
sable endowment of animals, for many creatures are sightless, or 
“love darkness rather than light.” 

Eyeless plants are more dependent upon light than animals are, 
and although all organisms alike owe their existence either directly 
or indirectly to the light of the sun and the marvel of photosyn¬ 
thesis, it is not always necessary for so elaborate a receptor as an 
eye to be involved in reactions to light. 

Photoreceptors , which are structures adequate to respond to the 
stimulus of light, include much more than “eyes.” In fact pro¬ 
toplasm generally is more or less sensitive lo light, and the func¬ 
tion of sight may be regarded simply as a specialized extension of 
this peculiar type of irritability. 
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2. PHOTORECEPTORS THAT ARE NOT EYES 

If the eyeless earthworms did not retire to the safety of their 
burrows at break of day, after their nocturnal wanderings, the pro¬ 
verbial “early bird” would quickly eliminate them in the strug¬ 
gle for existence. They are able, however, by means of certain 
specialized photoreceptive cells in the skin, to distinguish light from 
darkness and so usually to escape such a fate. 

Many protozoans, as well as larval forms of metazoans in which 
cellular elaboration of eyes is quite out of the question, neverthe¬ 
less respond very definitely to the stimulation of light. They are 
said to be positively phototropic when they turn toward the source 
of light, and negatively pholotropic, when they turn away. Usually 
these responses are beneficial to the animal concerned but not in¬ 
variably so, for positively phototropic moths are known to commit 
suicide by flying into a (lame. 

As highly developed an animal as a vertebrate may possess photo¬ 
receptive integumentary cells located outside the eyes, as proved 
by the behavior of certain chameleon-like lizards, which normally 
respond to light by color changes in the skin, and which make this 
response when temporarily blinded, if a stimulating ray of light in 
an otherwise darkened room is focussed upon the skin. 


3. EYES 

Eyes are the photoreceptive organs par excellence. They may be 
described as of two different general sorts, namely, direction eyes , 
that distinguish light and dark and enable an animal to locate the 
source from w hich the stimulus comes, and image-forming eyes, that 
report to the brain a more or less definite picture, reflected from 
objects in the environment. 

(a) Direction Eyes.—Direction eyes arc typically shown in noil- 
parasitic llatworms, or Turbellaria, which are found in the daytime 
out of reach of their enemies clinging to the underside of stones 
and sticks submerged in shallow r water. 

The photoreceptive cells in direction eyes are packed closely 
together behind shieldlike cups of pigmented cells that are not 
penetrated by light (Fig. 713). The angles at which these cups are 
placed on the t wo sides of the head is such that it permits the light, 
whenever it does not fall exactly parallel to the long axis of the 
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body, to stimulate the photoreceptors on one side more than on 
the other side, so that the worm responds by turning until the 
stimulation received on both sides is equal. This results in 
orientation with reference to the source of light, and in a nega¬ 
tively phototropic flatworm, tends to carry 
it into darkness and safety. 

(b ) I mage-form ing Eyes .—I mage-forming 
eyes are optical devices that not only differ¬ 
entiate between the presence or absence of 
light, but also receive reflected light in such 
a way as to transfer a picture 
to the brain. 

Fig. 713.—Direction mi . . . 

eyes of a flatworm. A. There two outstanding 

diagonal direction of types of image-forming eyes, 

light; B, posterior di- namely, mosaic and camera 

rection of light; x, posi- rr » f i •« 

tion of the photorecop- e y es ‘ l he forrnpr reaches lls 
tive celts within the highest elaboration in the 

u pigment 



hqpo<J«rn>is 



crescentic pigment cup faceted eyes of insects, which 

which acts as a shield, o . in.. 

lar outnumber all other ani¬ 
mals having eyes of any kind, but the latter is of 
greater present interest, because it is the type of retinula 
the vertebrate eye. 

Behind each facet of the compound eye of an lflt 

insect are several parts which together constitute ***** 

a separate optical instrument for receiving light ot r^V r 

that has been reflected from external objects. p IG —An 

This unit of the compound arthropod eye is called oinmatidimn from 

an ommalidium (Fig. 714). When clustered to- the compound eye 

4 . ,i , , . . , ol a crustacean, 

gether, sometimes several hundred in a single eye, 

ommatidia produce a map of overlapping details that fit together, 

like the separate elements in a mosaic pattern, to form a single 

picture in the brain. 

Usually the mosaic eyes of insects are set immovably in the 
head, but the convex exposure of their surfaces is such that the 
marginal ommatidia may point outward at angles sufficient to 
include in the whole eye a wide range of vision. 

In crustaceans it is usual for the mosaic eyes to be so mounted 
upon movable stalks that they may be turned in various 
directions, without the necessity of moving the rigid neckless 
head. 







PORTS OF ENTRY 


809 


4. HUMAN EYES 

A parallel between the typical camera eye of a vertebrate and a 
photographic camera holds good in numerous details. Both are 
dark chambers with rigid walls, which admit the light through a 
focussing lens, guarded by a shutter-like arrangement that regu¬ 
lates the amount of entering light. Both have a sensitive receiving 
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Fig. 715.—Diagram of a horizontal section through the human eye. 

Burton-Opitz.) 


(After 


surface, lining the side of the chamber opposite the window where 
the light comes in, and in both there is an inversion upon the 
sensitive screen of the image received. In one case the picture im¬ 
pressed upon the sensitive plate is “developed” after removal to an 
appropriate bath of chemicals. In the other instance the picture, 
received upon the sensitive retina of the eye, is transmitted by the 
optic nerve to the brain, which becomes the developer of it. 

(a) Eyeball .—The eyeball, or “camera box” of the vertebrate 
eye, is safely lodged in a bony orbit of the skull, forming a pro¬ 
tection to it from mechanical injuries, except for a small though 
necessary exposure on the front face. Tt is held loosely in place 
by a fibrous membrane, called the capsule of Tenon. 

The walls of the eyeball consist of three concentric layers of di¬ 
verse tissues. The outer, or corneoscleral layer , is skeletal in func¬ 
tion, maintaining the rigidity of the spherical eyeball (Fig. 715). 
It is so tough that acids or alkalis, or even cooking, does not 
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destroy it, and it is quite possible to pick a splinter off its exposed 
surface without serious injury. 

The middle pigmented, or chorioid layer , which is primarily vas¬ 
cular in character, provides a place for nutritive blood vessels, 
while the inside double retinal layer is sensory, containing among 
other elements the rods and rones that constitute the essential 
photoreceptive cells, to which all the other parts of the compli¬ 
cated visual apparatus are subsidiary. 
The large cavity within the inner 
^blmd spot ^ retinal wall contains the vitreous body , 

a transparent, dense, semi-fluid mass, 
which helps to maintain the shape 
of the turgid eyeball. 

There are two other cavities in the 
front part of the eyeball, the anterior 


,m layer of retina 
intermediate cells 
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*optic nerve 
cent, art- 


Fin. 716.—Diagram showing 
Min rntruiHv of the optic nerve 


into the eyeball. Cent, art., con- ail( } [], e posterior chamfers , filled with 
Ira I artery of retina. (After . , , , . , . , . 

Bowditch.) a wa,er > 7 lynnph, which is being con¬ 

tinuously renewed as needed. These 
chambers are separated from each other by a diaphragm-like iris, 
and behind them there is a dense transparent lens that serves to 
focus the light so that it may fall sharply upon the sensory retinal 
expanse inside. 

In addition to the eyeball itself there are certain accessory struc¬ 
tures, namely, muscles, glands, and shutter-like eyelids and eye¬ 
lashes, that are a part of the complex vertebrate eye. 

(/>) Structure. - The outer skeletal layer of the liurtan eye is 
made up of a tough, opaque, intervvo\ei. j *-■ mlic coal , the “white 
of the eye,' 1 that, occupies about live sixths of the entire circum¬ 
ference, but is mostly out of sight within the orbit. The remain¬ 
ing one sixth forms a transparent circular window, the cornea , over 
the front face of the eyeball and continuous with the white sclera. 
It is thinner in front (0.0 nun.) than around the ring at the corneo¬ 
scleral margin (1.2 mm.), where the muscles that rotate the eyeball 
in the socket are at tached. The outer sclerotic layer is pierced by 
the optic nerve and also by blood vessels. 

The middle, or vascular layer of the wall of the eyeball, which is 
in intimate contact with the layers next to it, both inside and out, 
is made lip of three general parts continuous with one another, 
namely, the chorioid, ciliary ring, and iris. 

The chorioid region , making up the whole of the middle layer of 
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the eyeball except the front face, is characterized by an abundance 
of blood vessels which form the larger part of this layer. The blood 
vessels supplying the eyeball (with the exception of the cornea) are 
the central retinal artery (Fig. 716), entering with the optic nerve 
and spreading out in the inner retinal layer; several (6-12) short, 
and two long posterior ciliary arteries , entering around the optic 
nerve and ramifying throughout, the larger posterior part of the cho- 
rioid region; and four anterior ciliary arteries , that form a plexus 
around the edge of t he cornea (Fig. 717). 

The returning blood vessels are several anterior ciliary veins from 
the anterior region of the eyeball, and four large vorticose veins , 
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Fig. 717.—Rlood vessels of the eyeball. 
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that make their exit by piercing the walls of the eyeball in the equa¬ 
torial region. 

Communicating lymph spaces are also present in the eyeball, 
forming a ring, the spaces of Fontana, , around the outer margin of 
the anterior chamber. There is also a definite circular channel, the 
sinus venosus sclera , or canal of Schlemm , which is in communication 
with the spaces of Fontana, in the outer corneo-scleral layer, at 
about the region where the sclera passes over into the cornea. 

Toward the front face of the eyeball, the chorioid become# l luck - 
ened into a ciliary ring , which is continued into the disclike iris , 
with a round hole, the pupil , in the center of it. The pupil always 
appears black because it is an open window into a dark camera box 
in which no side lights can enter to be reflected out again. The 
ciliary ring is made up of a foundation of fibrous connective tissue, 
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the ciliary processes, and ciliary muscles. The ciliary processes are 
radiating ridges, sixty or seventy in number, extending centripe- 
tally, like inside cogs on a wheel, to the outer margin of the iris. 
They contain blood vessels and furnish a point of attachment for 
the suspensory ligament , that stretches from them to the capsule 

surrounding the lens, serving to hold it in position. 

The ciliary muscles have to do with properly 
changing the shape of the lens so as to focus the 
light sharply upon the retina. These muscles are 
smooth and involuntary in character, although their 
action is much more rapid than that of most in¬ 
voluntary muscles. 

The iris, like the ciliary ring, is supplied with 
both circular and radial muscles, which by their 
contraction either lessen or enlarge the size of the 
pupil, thus regulating the amount of light admitted 
to the retina. By acting as a diaphragm in front of 
the lens, they cut down or prevent the occurrence 
of spherical or chromatic aberration, which blurs or 
confuses the image produced. 

Pigment of various kinds is characteristic of the 
vascular layer generally, being much more abun¬ 
dant in the iris and giving the distinctive color to 
the eye. Dilute black pigment that makes “blue 
eyes” is universally located in the cells of the inner face of the 
iris of all human eyes except those of albinos. Whenever any 
other eye color, such as brown, gray, or black, is shown, it is due 
to the deposition of an additional pigment, dominant over blue 
color, in the outer face of the iris. 

The inner sensory, or retinal , layer of the eyeball, is a double in- 
vaginated gastrula-like cup that, as its embryonic development 
shows, is really a part of the brain. It is composed of an outer part, 
which is a thinner stratum of pigmented cells, and an inner thicker 
part containing the sensory receptors, rods and cones, together 
with accessory cellular elements employed in their immediate serv¬ 
ice. Cone cells are photoreceptors probably chiefly useful in dis¬ 
tinguishing color, while rod cells perceive differences in light and 
darkness, and also detect objects in motion (Fig. 718). These 
cells, of which there are many thousand, are packed closely together 
like matches in a box, each one registering a single point of reflec- 



Fkj. 718. - 
Diagram of a 
rod and of a 
cone, o, outer 
limb; i, inner 
limb; e.l.rn., ex¬ 
ternal limiting 
membrane; o.l. 
m., outer limit¬ 
ing membrane. 
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tion from outside illumination. In the human eye rods and cones 
differ more in size than in shape yet their names are still descrip¬ 
tive of their form. 

The fact that color-blind persons are well 

supplied with cones as well 

as rods indicates that color 

perception is a cerebral 

function not determined by 

the receptors themselves. 

Night animals, however, 

Fig. 719. Diagram like owls and bats, have 

of retina. A, layer of f ewor cones and more rods 
rods and cones; B, . . . . . , 

rnembrana lirnitans ex- 111 retina than animals 

tern a; C, outer granu- that are active in daytime. 

lai layer; D, Ilenle s \ section through the ill- 

molecular layer; F, in- ner layer of the retina 1 shows 
ner granular layer; G, a histological stratification 
inner molecular layer; blto several recognizable 

J, nerve-fiber layer; l' arts ( h K- U9). Next to 

K, rnembrana limitans the outer pigmented layer gram showing the 

interna; a, JV1 idler sup- arj( J interdigitaling into it principal luy- 

porting cell; h, rods; . .. , , <*rs of the retina, 

c, cones; d, interim*- are th ° Projecting rods and with two rods and 

diate bipolar cells, cones. These form synapses one cone in the 

connecting with rods; a stratum of bipolar i'Ul«r layer. 1 , outer 

e, intermediate bipolar . • , ... .. member ol a rod; 2 , 

celLs connecting with relaying intermediate cells, ntU . T member of 

cones; f, amacrine cel which ill turn connect with cone; 3, inner me,in- 
(After Cajal.) large qanqlionie cells . whose bors of “ ro<J , anf ! 

elongated neuntes bundle together forming the a ro( j an j a COIie; 5 
optic nerve that extends outside the eyeball to synapse of rods and 
the brain. Thus between the point of reception ? onos w \ th bipolar 
by the receiving photoreceptors and the brain, 5 nucleus of inter- 
there are several neuronic chains, each made up mediate cell ; 7, syn- 
of at least three kinds of sensory cells, ( 1 ) either a l»^ with ganglionic 

a rod or a cone; (2) an intermediate cell; and (.5) CAi \\ bodies; 9 , fibers 

a ganglionic cell (Fig. 720). Each ganglionic cell of ganglionic cells, 

may connect with several intermediate cells and wh ? ch lorm the 
_ . . ,. „ optic tract. (Alter 

these in turn may each receive stimuli from Watson.) 

several rods and cones. 

In the stratum of the intermediate cells there are other cross¬ 
connecting neurons, the amacrine cells (Fig. 719), which join 
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together the triple systems laterally. There are also non-nervous 
supporting cells extending from one face of the retinal layer to the 
other, which act in a skeletal capacity. 

The visual cells of the inner wall of the retinal cup do not expend 
all the way around to the front face of the eye, but terminate in 


+ • 


First position 

. * * * 
| i • * 

I . i • 


It'' 

Second position^ jA / 

. *: • 



Fig. 721.—The blind spot of the eye. Hold the black figure straight in front 
of the eyes about a fool dist ant. Close .the left eye and look at the white cross. 
You will see the round white spot. also. This corresponds to the first position 
in the diagram. Now r gradually move the page toward your eye. When you 
reach the second position the round spot will disappear, because the rays of 
light from it now fall upon the place where the optie nerve enters the eyeball 
and not upon the rods and cones of the retina. If the page is moved still nearer, 
the round spot will reappear, because light reflected from it now strike's the 
retina on the other side of the optic nerve, as shown by position 3. 

a somewhat irregular margin, the ora serrafa , between the ciliary 
ring and the equator of the eyeball. 

The region of clearest vision in the ret ina is a small area in the 
direct line of the optical axis behind the lens and opposite the 
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pupil (Fig. 715). This small area, which is distinctly yellowish in 
color, is called the macula lutca . In its center is a conical depres¬ 
sion, the fovea centralis , constituting the region of sharpest vision, 
which is carpeted with more color-receiving cones than rods. 
Whenever we look directly at any object the relieded light from 
that object falls upon the fovea, while the light from neighboring 
objects, entering the eye at an angle, falls upon (he rods and cones 
that surround the macula with less distinct sensory impression. 

The large optic nerve , which leaves the posterior part of the eye¬ 
ball on the inner nasal side, forms a patch made up of the converg¬ 
ing neurites of the ganglionic retinal cells, calk'd the blind spot . 
Since photoreceptive rods and cones are necessarily absent there, 
rays of light striking it are not seen. The blind spot is like a 
photographic film with a patch of its surface scratched oil*. The 
presence and extent of the blind spot in the reader s eye may be 
easily demonstrated by reference to Figure 721. 

Embryonically the lens is a cellular structure in which the com¬ 
ponent parts become transparent. It is compressible and elastic, 
particularly in early life, and is enclosed within a thin capsule con¬ 
tinuous with the suspensory ligament that- anchors it to the ciliary 
ring. The curvature of the posterior face, is somewhat greater than 
that of the anterior, and does not vary to any great extent, while 
the anterior curvature is readily modified by the tension exerted 
on the lens through ciliary muscles attached around the margin of 
the enveloping capsule. 

The lens rests in a depression upon the vitreous body. Anteriorly 
it is in contact with the pupillary margin of the iris, separating 
the posterior from the anterior chamber of the eye. It serves to 
refract the rays of light that pass through it. so that they concen¬ 
trate or focus upon the retina, producing a sharply defined replica 
of the external scene, much smaller in size than that which is pre¬ 
sented to the eye. 

It will be observed that the rods and cones, unlike other sensory 
receptors, point away from the source of stimulation. Incident 
light enters the eye through the cornea, lens, and vitreous body, 
and upon reaching the retina first encounters the non-receptive 
ganglionic and intermediate cells before coming to the receptive 
rods and cones which, like a bashful child, have turned their backs 
upon the visitor. This inconvenient and awkward reversal of the 
retinal sequence of cells finds an adequate explanation, as Balfour 
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has shown, in the embryonic history of the retina. The ectoder¬ 
mal cells which become the rods and cones were originally arranged, 
like all other receptors, with their sensitive, receptive ends facing 
the outside world from whence the stimulus of light comes, but 
as the result of the invagination of the medullary tube, the evag- 
ination of the optic stalk and bulb, and the formation of the optic 


Visual cell 


Retinal layer 
Pigment layer. 

Infundibulum 



Neural ectoderm 
Neural canal 
Epidermal ectoderm 
Optic cup 
Optic sldJk 

Buccal cavity 


Fig. 722. —Diagram illustrating Balfour's theory to account for the inver¬ 
sion of the visual cells of tin? vertebrate retina. Transverse section through 
the heucl of a hypothetical vertebrate embryo, to show the morphological rela¬ 
tions of the surfaces of the ectoderm of the integument, of the neural tube, and 
of the forming retina, in each of these situations a single sense cell is indicated. 
(After Parker.) 


cup, they are finally left in a reversed position (Fig. 722). How 
this comes about will be made clear in the next section describing 
the embryonic development of the eye. 

The reason why the fovea centralis is the region of sharpest 
vision is because at this point the chains of intermediate and gan¬ 
glionic cells are slant,ed or pushed over somewhat to one side out of 
the way of the incoming light, thus lessening the inaccessibility of 
the rods and cones to optical stimulation. 

Light entering the pupil of the eye at an angle instead of directly 
in line with the optical axis falls upon portions of the retina out¬ 
side of the fovea centralis (Fig. 716). It must, therefore, filter 
through and between the intervening, intermediate, ganglionic cells 
of the retina before it reaches the receptive rods and cones whose 
receptive ends are hidden between the pigmented cells of the outer 
retinal layer. The amount of light reaching the rods and cones 
under all these difficulties is not only regulated as occasion demands 
by the shielding pigment of this outer layer (Fig. 723) but it is still 
further modified by the iris, with its adjustable pupillary aperture. 

Any organ as complicated as the vertebrate eye that has under- 
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Pi- 


gone ages of evolutionary modification is sure to present imper¬ 
fections. Marvelous as it is, the human eye is no exception to this 
rule. The famous physicist Helm¬ 
holtz is reported to have said that if 
an optician had made him an instru¬ 
ment with the imperfections of the 
human eye, he would send it back to 
be made over. 

(c) Development.—The retina, like 
the olfactoreoeptors, is unique among 
sense organs in being originally a 
part of the brain. Early in develop¬ 
ment, before the medullary groove is 
closed into a tube, there are two lat¬ 
eral outpocketings in the diencephalic 
region of the forebrain. These hollow 


liii! 1 ! 


In 




m 


protectively diffused around the 
sensitive cones which project 
into the pigment layer. In dark¬ 
ness the pigment is withdruwn, 
thus exposing the cones. (After 
Luciani.) 


In light In dark 

Fig. 723.—Diagrams of the 
arrangement of pigment in the 

bulbous evaluations of the wall of ”""' r '" y, ' r . ° r , 1, 1 H ' r, lin,, 1 “ 0 
. , lizard s eye in darkness and alter 

the brani, the optic vesicles, push out exposure to light. Ill light, it. is 
laterally until they reach the envelop¬ 
ing ectoderm (Fig. 724). At points 
of contact the bulbs invaginaI e to 
form the double cups of the two- 
walled retina,* later becoming envel¬ 
oped from the surrounding mesodermal tissues by the vascular 
and supporting layers of the eyeball. 

The cells of the inner retinal layer soon differentiate into rods 
and cones, intermediate and amaexine cells, and large ganglionic 

cells with long neurites 
that together make up 
the optic nerve. The 
neurites, which upon 
casual inspection seem to 
penetrate the posterior 
^— g q g wall of the eyeball, as a 

Fig. 724.—Outgrowth of optic vesicles and matter of fact grow out 
the formation of the lens in the chick, (After over tile edge of the op- 

r)uval ‘) tic cup before the pos¬ 

terior wall is formed. As the primitive double cup invaginates, it 
has a deep notch on its brim, the chorioid fissure (Fig. 725), and 
through this gateway the sprouting neurites of the ganglionic cells 
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Chorioid fibaure 


find egress, extending back to the brain along the optic stalk , like a 
vine upon a trellis. After secondary connection of the optic nerve 
with the brain is complete, the optic stalk fades in importance and 
vanishes. Complete closing of the chorioid fissure by the growth 
of surrounding cells about the optic nerve causes the latter to 

have the appearance of pen¬ 
etrating directly through the 
posterior wall of the eyeball. 

Meanwhile, at the point of 
contact between the optic 
bulb at the distal end of the 
optic stalk and the ectoderm, 
the lens is forming. This is 
brought about by the invag¬ 
ination of the thickened ec- 

r _ 0 „ * . . /* 41 i todcrm, which eventually 

rio. 72.>.— Anterior part of Hie brain , . . 

of a human embryo of four weeks, show- pinches Oil a hollow vesicle 

ing chorioid fissure as a groove extending that becomes entirely discon- 

through nmn'in of the oplir cup liec , 0( j w j,|, ,| t0 ouls idc ecto- 
(rroni Ziegler s wax model, after Mis.) r „, . ... 

derm. I he cavity within the 

embryonic vesicle of the lens is gradually obliterated by the colum- 
nal growth of its posterior cells which eventually fill the space en¬ 
tirely (Fig. 726) and, losing their nuclei, become transparent. 

(d) Accessory Paris .— 

The extrinsic muscles , that 
enable the eyeball lo face 
in various directions with¬ 
out moving the entire 
head, have already been 
considered in another 
chapter (page 617). They 
are inserted on the outside of the eyeball far enough forward so 
that, when contracted, they do not pull directly against their point 
of attachment, but against the curving surface of the eyeball, thus 
minimizing the liability of tearing loose (Fig. 727). 

• Eyelids are transverse protective folds of the skin that close like 
shutters over the front face of the eye. The inner surface of the 
lids, the conjunctiva palpebrarum (Fig. 728), is a reddish mucous 
tissue continuous with the conjunctiva bulbi that extends over the 
eyeball, making a thin transparent skin on the face of the cornea 






Fig. 726.—Development of the lens. (After 

Kingsley.) 
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through which light must pass on its way to the retina. The up¬ 
per lid in man is larger and more movable than the lower, and 
the aperture between the lids, or the palpebral fissure , is rather 


wider than in most mammals, 
showing some of the white sclera 
as well as the circular transpar¬ 
ent cornea. 

The edges of the palpebral 
fissure are supplied with a dou¬ 
ble row of eyelashes , larger above 
than below, which guard the 
sensitive conjunctival surfaces 
against dust particles and simi¬ 
lar unwelcome intrusions. 

In the inner angle of the eye 
there is present a vertical fold 
of the conjunctiva bulbi, called 
the plica semilunaris , that in nu 



Fig. 727. —Diagram to show that, the 
eyeball muscles are attached so far for¬ 
ward that they pull against the side of 
the eyeball, as indicated by the arrow, 
instead of directly al their point of in¬ 
sertion. 

iy vertebrates becomes extended 


into a movable third eyelid, or nictitating membrane , lying under 


%\ 
V 
. i 


elevator palpebrae 


palp o brae_ 

r superioris \ 


•^-.—conjunctiva bulb! 


—conjunctival ring 

° palpebracf conjunctiva palpebrarum 

—tarsa 1 plate 
-Meibomian 
W j I ,^comea 
—~ ^ JTJri - - -eyelashes 

Fig. 728. —Vertical cut through the upper eyelid. (After Rouvi&re.) 


the other two and closing over the eyeball from the inner angle 
outward (Fig. 729). 

Beneath the plica semilunaris is a small cavity, the lacus lacri - 
malisy leading into the nasolacrimal canal , through which the ex¬ 
cess of tears produced by the lacrimal gland is ordinarily drained 
into the nasal cavity. The floor of the lacus lacrimalis is occupied 



820 


BIOLOGY OF THE VERTEBRATES 




by a small reddish elevation of the conjunctiva, the caruncula lac - 
rimalis , which probably has to do with regulating the escape of 
tears through the nasolacrimal canal. 

Between the outer skin and the inner conjunctiva palpebrarum 
the eyelids are reinforced by a stiffening fibromuscular layer, the 
tarsal plate, containing numerous Meibomian glands, that pour out 
an oily secretion at the base of the eyelashes (Fig. 728). The oily 
film produced by these glands serves constantly to seal the inner 

margin of the moving lids to the surface 
of the eyeball and, when the eye is com¬ 
pletely closed, to hold the margins of the 
lwo lids temporarily together. 

The lacrimal glands open inside of the 
upper lids by several short ducts at the 
ing the plica semilunaris outer angle of the eye. The occasional 

aiK J the caruncula lacn- occurrence j u man G f lacrimal glands 
mails. (After Wieders- . . * 

heiro.) opening inside or the lower luls (rig. 15a) 

is a reminder of the evolutionary journey 
they have made in order to arrive at their present position. In 
amphibians and reptiles these glands open inside of the lower 
lids. 



caruncula 
/lacrimal ift 


Nplica 

eernilunam 

Fig. 729.—An eye show- 


Tears are a watery secretion from the lacrimal glands and are 
continually produced, flowing in the form of a thin film over the 
exposed surface of the eyeball, to drain eventually into the lacus 
lacrimalis and the nasolacrimal canal at the inner angle of the eye. 
They serve not only to keep the conjunctival and nasal membranes 
moist, but also to clean the surface of the eyeball of foreign par¬ 
ticles that may accidentally find lodgment there. 

Weeping, which is accompanied by an overflow of tears, is pe¬ 
culiar to mankind. It is apparently a pliyletically recent acquisi¬ 
tion connected with certain emotional states that are not present 
in lower animals. Consequently, as a comparative anatomist would 
expect, a human baby cannot weep, in spite of the presence of lac¬ 
rimal glands, until it is about six weeks old, although it may re¬ 
peatedly demonstrate its ability to “cry.” 


5. MEDIAN EYES 


An ancestral median eye, either the parietal or the pineal body 
arising from the dorsal diencephalic region of the brain, is laid down 
embryonically in nearly all vertebrates. 
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In certain cyclostomes both structures, parietal and pineal, are 
represented as a pair of organs with the parietal organ on the left 
and the pineal on the right side respectively, or more commonly 
with the parietal organ crowded around into a positiou anterior 
to that of the pineal body. 

The parietal organ degenerates in the cyclostomes, most fishes, 
and amphibians, but develops into a structure resembling a true 


optical organ with a retina and considerable structural complex¬ 
ity in certain lizards, particularly Sphenodon . 

The extinct slegoceplmls had a conspicuous foramen through 
the top of the skull, like that in the skull of Sphenodon , as well 
as in certain modern Salientia and lizards, which was probably for 
the accommodation of 


some sort of a median 
eye. 

Only a trace of the 
parietal organ remains 
in birds, while among 
adult mammals it en¬ 
tirely disappears, in 
many cases both in the 
embryo and the adult. 
In Petromyzon (Fig. 


retina 
.sKin 



' «. $ \.\ f f. ^ | | 


ganglia 


Fig. 730.—Median <*\c of Petromyzon. c.t., con- 

730) the pineal organ nortive " ml ,. B ’ °» ,tic v,!siclc ' s; ° ’ °'* 

7 r „ nerves. (Alter Owsiannikow.; 

assumes something of 


the character of a median eye, and the same is true of frogs and 
toads, although in fishes generally it is relegated to the limbo of 
degenerate structures. 


6. COMPARATIVE ANATOMY 

(a) Amphioxus .—Eyes are absent in amphioxus, but numerous 
photoreceptive cells are present, which are arranged along the 
nerve cord, rendering these primitive chordates sensitive to light 
as it penetrates through the semi-transparent tissues of the body 
(Fig. 615). As would be expected, such cells point inward toward 
the cavity of the neural canal, since the inner walls of the latter, 
before invagination, were a part of the outside ectoderm that faces 
towards the stimuli coming from the environment (Fig. 609). 

(b) Cyclostomes .—The eyes of cyclostomes are degenerate rather 
than primitive. The eyeball is for the most part small and buried 
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under a thick skin. It lacks cornea, iris, lens, lids, and ciliary ap¬ 
paratus, although Geotria macrophthalmus , a fresh-water cyclostome 
from South America, having unusually large eyes as its name in¬ 
dicates, is an exception. There is no differentiation into rods and 
cones in the retina, for only elongated rods are present, indicating 
that rods, which are adapted for the reception of lights, shadows, 
and the movements of external objects rather than for the recep¬ 
tion of colors, are phylogenetically older than cones. 

(r) Fishes.-—' The elasmobranch eye is provided with a large 
rounded cornea, that aids the spherical lens in focussing. Partial 
compensation for the difficulty in seeing both forward and back¬ 
ward with an eye placed on the side of a rigid neckless head, is 
furnished by the lens that projects through the pupil against the 
cornea, so that “rays” of light coming at an extra wide angle are 
caught and concentrated upon the retina. 

Eyelids, which are plainly simple folds of the skin, are present 
in many elasmobranchs but not in other fishes. The outer scle¬ 
rotic layer is frequently reinforced by cartilage. The eyelids of the 
hammer-head shark, Sphyrna , are circular, which is perhaps the 
primitive form of all eyelids. It is easy to see how' closure of the 
eyelids of this type would be greatly facilitated by modification 
into upper and lower lids. 

A tapelum lucidum , composed of pigment and light-reflecting 
crystals, lines the inner surface of the chorioid layer in many 
species. Outside of the chorioid layer there is also in some fishes a 
silvery or greenish-golden layer called the aryenfea , that likewise 
acts as a reflector. 

The eyes of teleosts vary greatly in size, being large in pelagic 
carnivorous fishes and certain deep-sea forms dwelling in regions 
of dim light, but small in bottom feeders. The eyeball is usually 
much flattened on the front face, so that the optical axis is shorter 
than the axis through the equator. No eyelids or glandular de¬ 
vices to keep the eyeball moist are present or needed, but the un¬ 
blinking eyes are in some measure shielded from the impact of 
water during locomotion by their lateral position. 

Focussing is accomplished as in a camera by shifting the position 
of the lens with reference to the sensitive retina, while in higher 
forms the same result is brought about by changing the shape , but 
not the position, of the elastic lens. The eyes of fishes are normally 
nearsighted, that is, they are accommodated to near objects when 
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Fig.731. 


at rest, so that focussing by shifting the position of the lens is called 
for only when more distant objects are to be brought into clear 
vision. 

In either case it is not easy to see at a distance through the den¬ 
ser light-absorbing medium of water. 

The opposite is true of the mammalian eye, which is normally 
farsighted. When at rest it is accommodated to distant objects, and 
a muscular exercise of the ciliary apparatus, which changes the 
shape of the stationary lens, is necessary in order 
to bring near objects into clear view. 

The movement of the lens within the eyeball 
of a teleost fish, blit not of an elasmobranch, is 
accomplished by the mechanical assistance of 
the processus fulciforrriis , a sickle-shaped organ 
containing blood vessels, nerves, and muscles, 
and having an enlarged end, the campanula 
Halleri, extending into the retinal cup through gramma tic vcrticul 
the chorioid fissure from the chorioid layer to Mrtion ilirough the 

the lens (fig. oil). There is apparently no focus- Salni() ^.ebon- 
sing device in the eyes of elasmobraiu hs. oid; ch.gt, chorioid 

According to Hesse, fishes are practically color- Klnnd: cn, cornea; 

blind, for a histological examination of the retina 
reveals a great scarcity, or an entire absence of |cns;op,optic nerve; 
color-receiving cones. The fly iisherrnan, there- Pty piement layer; 
fore, who places his faith in the supposed allure- 'r\ U ''retina- 

meut of highly-colored flies, is not scientific in sc, sclera. (After 
his procedure, that is, in the exercise of “com- Parker and 11ns- 
mon sense at its best.” It is the movement, and wlM ’^ 
not the color of the fly that makes it. attractive to game fishes. For 
this same reason it is highly improbable that the bright colors of 
tropical fishes have anything to do with the “sexual selection” of 
Darwin. They are more likely by-products of metabolic processes, 
that serve their possessors, if at. all, as a useful camouflage against 
other kinds of animals whose retinas are not so preponderantly 
made up of rods. 

The fact that reflected light rays are bent at an angle when 
passing from air into the denser medium of water makes it possi¬ 
ble sometimes for a lurking fish to see, as with a periscope, an 
approaching lisherman on the overhanging bank, before he is 
seen. 
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Periophihalmns (Fig. 316), the ambitious tropical climbing fish 
that crawls out of water and lies in wait for flying insects upon 
the aerial roots of mangrove trees, has so far improved on the tra¬ 
ditional fish eye as to anticipate the winking disappearing eye of 
the frog, which can be depressed into a protective orbit in the skull, 
or popped oul at will to view the surroundings. 

Certain deep-sea fishes possess so-called telescopic eyes , with 
elongated eyeballs, enormous spherical lenses, and rounded corneas 

directed upward and pointing 
towards the source of the dim 
light above them (Fig. 732). 

(d) Amphibians .—In per- 
ennibranchiate amphibians 
and aquatic caudates gener¬ 
ally, the eyes are small, with¬ 
out lids, and. often sunken 
into the skin. These animals 
apparently see with consid¬ 
erable difficulty, and then 
only nearby objects that are 
in motion. Even the Salien- 
lia, those amphibian aristo¬ 
crats which are adapted to 
life on land, possess eyes in 
many particulars simpler 
than those of fishes, for, although eyelids and eye glands are pres¬ 
ent, there is no tapetum or argentea associated with the chorioid, 
and the processus falciformis is wanting. 

The small lens in the amphibian eye is no longer spherical but 
flattened. It is located entirely behind the iris, giving space for 
the anterior chamber of the eye, while the cornea is so rounded 
out as to have the focussing value of a second lens, making the an¬ 
imal shortsighted in air when at rest, but farsighted when sub¬ 
merged under water, since the fluid in the anterior chamber has 
practically the same refractive index as that of the water outside 
and the cornea fails to focus the light as it passes through. As in 
fishes, the position rather than the shape of the somewhat inelas¬ 
tic lens is changed in the process of focussing. 

The nictitating membrane in a frog’s eye, unlike that of higher 
vertebrates, is derived secondarily from the large lower eyelid and 



Fin. 732. -Median section through the 
telescopic eye of a deep-sea fish, Agro- 
pelecus, compared with the dotted out¬ 
line of the normal eye of a fish. (After 
Franz.) 
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is lubricated by the Uarderian glands, which open into the con¬ 
junctival sac beneath it along the lower eyelid. Phylogenetically 
these are the earliest form of lacrimal glands. 

The iris of the eye in many amphibians is brilliantly colored, 
being frequently golden, or shot with yellow Hecks, 

“Which like the toad, ugly and venomous 
Wears yet a precious jewel in his head.” 

The pupil shows much variation in shape, ordinarily being round, 
but transversely oval in liana and liufo, vertically elliptical in 
Alyles , and somewhat triangular in liomlnnalor. 

The rods in the retina are considerably more numerous than the 
cones, and in the eye of Nedurus their si/e is the largest known 
for any vertebrate. 

(e) Reptiles. - The eyes of reptiles are always decidedly lateral 
in position, so that they have litt le if any common field of vision. 
A lizard, for example, may spookily roll one eye upward and the 
other backward or forward at the same time, thus seeing independ¬ 
ently in two different directions at once. Focussing is effected 
by the improved method of changing the shape of the lens, rather 
than by shifting its position as in aquatic vertebrates. With the 
necessity for adaptation to life on land, the reptilian eye is safe¬ 
guarded against increasing dangers by means of glands and well- 
developed eyelids. In addition to the small upper and the larger 
and more movable lower lids, there is a transparent nictitating 
membrane inside of the paired eyelids next to the eyeball. Har- 
derian glands supply this third eyelid along the ventral border, 
while true lacrimal glands for the first time appear in the region 
of the outer angle of the palpebral fissure. Both Uarderian and 
lacrimal glands find an outlet for the excess of their secretions in 
the nasolacrimal canal. That the differentiation of tear glands is 
a comparatively recent acquisition among reptiles is indicated by 
the fact that Sphenodon , which represents the most ancient of sur¬ 
viving reptilian types, is without tear glands. 

Snakes, geckos, and certain limbless lizards, living in intimate 
contact with the ground, lack movable eyelids. Their staring 
unwinking eyes are protected by fixed transparent goggle-like win¬ 
dows of skin, shed in eedysis, that are probably comparable with 
the nictitating membranes of other reptiles, since Harderian glands, 
which are the specific glands customarily supplying the nictitating 
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membrane, are the only ones present. Such a transparent window 
in the closed lower eyelid allows light to enter and is at the same 
time a protection against blowing sand. 

Considerable advance over the amphibian retina is shown in 
the relative number of cones as compared with rods. Jn some 
reptiles there is even a suggestion of a depression into a fovea 
centralis, which is a characteristic of higher mammals. The iris of 
the reptilian eye is frequently highly colored, and in some turtles 
may even be of a different color in the male and female of the same 
species. The pupil is usually round, but it may be slitlike, either 
vertically or horizontally, particularly in snakes. Poisonous snakes 
like the rattlesnake usually have a vertical slit like pupil, so that 
all that is necessary to determine the desirability or undesirability 
of further acquaintance when meeting a strange snake is to look 
it squarely in the eye. 

The elastic lens makes its first appearance in vertebrate evolu¬ 
tion in the reptilian class. The sclerotic ring , a ring of small sup¬ 
portive bones embedded in the sclerotic, layer near the ciliary zone, 
which was a characteristic feature of ichthyosaurs and pterosaurs, 
long since extinct, still survives in less pronounced form among 
some modern reptiles as well as in owls among birds. 

(/) liirds.— There are certain species in every class of verte¬ 
brates except birds , that are either blind or possess only rudimen¬ 
tary eyes, but the sense of sight is absolutely indispensable to these 
highly moditied aviators in the struggle for existence. Although 
glands and muscles of the eyeball are better developed in mammals, 
both in complicated structure and eflicient working, no other ver¬ 
tebrate eye excels that of birds, particularly birds of prey. The 
accommodation apparatus in the bird's eye is especially rapid and 
effective. Chickens, with their eyes focussed closely on the work 
of picking up small grains of food from the ground, become in¬ 
stantly aware of a predatory hawk, sailing like a vanishing speck 
high overhead. The same hawk can drop with fatal precision 
upon a tiny field mouse from a height that seems incredible to the 
possessor of human eyes. 

The eye of birds, like that of many rapidly flying insects, is rel¬ 
atively very large, each eye occupying fully as much space in the 
skull as the entire brain. Jf proportionately as large as that of a 
bird, the eye of an average-sized man would weigh, according to 
Tiedeman, as much as five pounds. 
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The eyeball of a bird is never spherical, since it is constricted 
in the ciliary zone by a sclerotic ring in such a way that the cor¬ 
neal region becomes projecting 
and very conical and the pos¬ 
terior part larger and more flat¬ 
tened (Fig. 733). 

According to Slonaker, there 
is a preponderance of color-re¬ 
ceiving cones in the bird’s retina 
which contains more than one 
foveal depression of accentuated c 
visibility, spreading out over a 
generous expanse that may ex¬ 
tend as far as the equator of the 
eyeball. 



SC- p' •' 

Fig. 733.- -Schematic section through 
the eyeball of a bird, Strix. e, cornea 
c.l>.. ciliary body; c.m., ciliary muscle 


Cartilage 


Cartilage 

Chorioid 


Projecting into the vitreous i, iris; l, lens; n, optic nerve; }), pecten 

body of I lie eye is an erectile r, n-iinu; s<-., sdnra; sc pl„ sdcrul 
*1-1 P i p ii plates; t, tapetum; v.b., vitreous body, 

fanlike organ of several folds, (^iw lluller.) 

the pecleri, l hat bears a super¬ 
ficial resemblance to the processus falciformis of the teleost eye, 
but probably is not homologous with it for the reason that it 

arises from the point of exit of 
the optic nerve instead of en¬ 
tering the retinal cup through 
Retina the chorioid fissure. The initial 
stages of the pecten appear 
among certain reptiles, while 
Sclera embryonic traces of it still 
persist in the mammalian eye 
Pecten (Fig. 731). Its function is not 
known with certainty but it 
seems probable that it regulates 
Cartilage the pressure of the fluids within 

FiG%3^Dia K ranm ia tic horizontal ,h ° ^ . th,1S ^ “ U, ° aC ‘ 
section through the eye of Chameleon , of focussing the lens, 
showing rudiment of peclen, and sole- Since the iris of tlie bird’s eye 
roticcartilages. (AfterHaller.) contains striated muscle fibers, 

it is capable of more intensive contraction than is possible in the 
case of any other vertebrate eye, the iris of which is fitted only 
with smooth muscles. The color of the iris varies considerably 
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both with age and sex, and is characteristic for different species. 
In many parrots, for example, it is white, while in cormorants it 
is green, in swifts, blue, and in Vireo olivaceous , red. The whole 
expression of the otherwise immobile face of the bird is centered 
in the lively iris, with its invariably round pupil. 

The nictitating membrane is well developed and is par¬ 
ticularly useful to flying birds, being shut like transparent 
goggles over the face of the eyeball, thus preventing a flow 
of blurring tears during flight, which normally would be in¬ 
cited by the stimulating contact of air against the rapidly mov¬ 
ing cornea. 

Harderian glands are usually large in the bird’s eye, while the 
smaller lacrimal glands occupy the same position as in reptiles, at 
the outer angle of the palpebral fissure. 

Owls have binocular vision, that is, both eyes are trained upon 
the same field simultaneously. In all birds the act of directing the 
eyes towards I he source of optical stimulation is greatly facili¬ 
tated by the fact that the extremely mobile head is mounted 
upon a particularly flexible neck. 

(g) Mammals .—The mammalian eye bears considerable resem¬ 
blance to that of amphibians, in that typically the eyeball is nearly 
spherical. Smooth muscles are present in the iris, as well as in 
the ciliary apparatus, but the nictitating membrane is poorly de¬ 
veloped. The upper eyelids, unlike those of other vertebrates, are 
larger and more movable than the lower eyelids, while two rows 
of eyelashes, lubricated by Meibomian glands, are added to the 
equipment. The eyelids of many mammals, such as mice, rabbits, 
and cats, are sealed at birth, opening only after several days when 
danger from wandering out of t he nest is somewhat lessened. There 
is no bony sclerotic ring, but a stiffening cartilage is present in the 
sclerotic wall of the monotreme, Echidna. The sclera of whales is 
greatly thickened and resistant, possibly to withstand pressure 
from the surrounding water. 

The chorioid of the mammalian eye is very rich in blood vessels, 
whose turgor may in a measure compensate for the lack of skele¬ 
tal stiffening in the walls of the eyeball. In many mammals, 
particularly ungulates, cetaceans, and carnivores, there is a 
light-reflecting tapetum lucid am next to the chorioid layer, but in 
higher vertebrates including man it is lacking. The eyes of a cat 
show this reflecting device particularly well at night, when lights 
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from an automobile flash into them so that the eyes seem to glow 
like balls of fire. 

The superior oblique muscle of the eyeball is lengthened in man 
to pass through a tendinous pulley, whereby its efficiency is in¬ 
creased. For this reason the pathetic (IVth) cranial nerve which 
supplies this muscle has also received 
the name of “trochlearis.” 

For the most part the tear glands 
move around to an externo-dorsal posi¬ 
tion, although Harderian glands along 
the ventral margin of the eyelid are pres¬ 
ent in whales and such semiaqua tic forms 
as the otter, hippopotamus, and seal. 

The color of the iris varies among 
mammals generally as it does in man. 

Thus, there are blue-eyed goats, yellow¬ 
eyed cats, and brown-eyed dogs. The 
pigment determining human eye-color does not, reach its final 
shade until five or six years of age. Aristotle, whose miiKl was 
occupied with many things, took time to look into babies’ eyes 
and to note that they are always blue at first. 

In certain ungulates, such as goats, gazelles, camels, and coneys, 
the edge of the iris shows a peculiar modification, the umbraculum , 
(Fig. 735), consisting of pigmented, projecting, granular fringes 
which permit a lessened amount of light to enter through its 
ragged edges even when the pupil is wide open. Many heavy-headed 
ungulates have a pupil in form of a transversely oval aperture that 
enables the animal to sweep the horizon without swinging the 
head. In most cases, however, the pupil is round, although cats 
have a vertical slitlike opening in the iris, adapted to nocturnal 
explorations, while the seal has a curious pear-shaped pupil with 
the wide end next the nose. 

When a person “goes to the light” to examine an object care¬ 
fully, it is usually not because of a scarcity of light available, but 
because increased light by narrowing the pupil cuts out side lights 
and thus sharpens the vision, just as closing the diaphragm in a 
camera reduces spherical aberration and sharpens the image. 

The lens in the mammalian eye, particularly in man, is typi¬ 
cally “lens-shaped.” It is more spherical in water forms and is 
relatively largest in nocturnal and crepuscular animals, such as 


umbrae ulum 



Fin. 735.—Umbraculuin 
in the iris of a llama’s eye. 
(After Plate.) 
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bats, cats, and mice. Nocturnal animals are further characterized 
by the absence or paucity of color-receiving cones in the retina. 

The sensory ends of the rods in the mammalian eye are bathed 
in a chemical substance, erythropsin , or “visual purple,” that acts 
as a sensibilator for increasing the receptivity of the rods to light. 
It is apparently secreted by the rods and not the cones, being ab¬ 
sent in such animals as snakes, turtles, poultry, and pigeons, in 
whose eyes scarcely any rods are present. It may become tempo¬ 
rarily used up as the result of excessive 
or prolonged stimulation of light. 

In the mammalian eye focussing is 
accomplished by contraction of the cili¬ 
ary muscles, which releases the tension 
on the elastic lens, thus allowing it to 
assume a more spherical shape (Fig. 736). 
When at rest the lens is flattened by 
the compressing pull of t he fibers of Zinn 
attached to its capsule, in this way in¬ 
suring far sight. Muscular effort on the 
part of the ciliary muscles that pull 
against the taut libers of Zinn is neces¬ 
sary in order to lessen the confining pres¬ 
sure upon the elastic lens, and so to focus 
sharply upon the retina. This is the 
reverse of the operation of the ciliary 
apparatus in reptiles and birds where, 
during accommodation, the focussing 
lens is subjected to increased compres¬ 
sion rather than relaxation. 

Stereoscopic! perception of distance 
through triangulation resulting from 
binocular vision is especially essential to 
animals of prey. It is present in man and the higher primates 
while lower vertebrates with lateral eyes and two lields of vision 
sacrifice the more accurate judgment of distance that comes with 
binocular sight for a wider field of vision. 

It vshould be remembered that a little more than half of the en¬ 
ergy of extra-terrestrial light is appreciable to the photoreceptors 
of the human eye. About 43 per cent of the spectrum at the infra¬ 
red end, and 5 per cent at the ultra-violet end, is “out of sight.” 



Fig. 736. —Diagram illus¬ 
trating the process of* accom¬ 
modation in tin* human 
eye. c. cornea; L, lens; 1, 
iris; CL, ciliary ligament.; 
CB, ciliary body: ch, chori- 
oid; K, retina; S, sclera. 
In near vision the ciliary 
body contracts, drawing 
the region B nearer to the 
region A. The tension 
upon the ciliary ligament 
being diminished thereby, 
the lens assumes a more 
spherical shape, chiefly in 
the direction of the cornea. 
This change is indicated 
by dotted lines. (After 
Burton-Opitz.) 
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The 52 per cent remaining, that is, between ether waves of 397 
millionths of a millimeter in length at the violet end and 760 mil¬ 
lionths of a millimeter in length at- the red end, represents the entire 
output of photic energy for which the human retina is adequate. 
Within these extremely minute limits lies the whole visual splendor 
and variety of our color world. 


VIII. Internal Sense Oroans 

Most of the sense organs thus far considered belong to the cate¬ 
gory of the exleroceplors , that is, sense organs adequate to receive 
stimuli arising outside of the organism. There are, however, sen¬ 
sations resulting in part at least from stimuli originating within 
the animal body, whose receptors are lit tle known, but which nev¬ 
ertheless are functionally activ e. JNo doubt, many of the generalized 
sensations, such as fatigue, nausea, “feeling tit" or “run down," 
lack specific sense organs, being the result of the general tone of 
several organs working together. The problematical receptors deal¬ 
ing with internal stimuli have been divided into proprioceptors, “lo¬ 
cated in the deeper regions of the body, stimulated only indirectly 
by environmental forces, but excited by processes within tin 1 , organ¬ 
ism itself" (Mitchell), and inleroceptors , “located in the linings of 
the digestive system, and stimulated by conditions in this system." 


1. PROPRIOCEPTORS 

These sense organs are closely related to pressure of some sort, 
acting (1) through muscles, tendons, and joints, as a “muscular 
sense," by means of which an idea of the weight of objects is gained, 
and the relative position of different purls of the body is realized; 
(2) through internal nocircccptors, that give rise to warning rheu¬ 
matic or visceral pains; or (3) through the semicircular canal ap¬ 
paratus, already described in connection with the ear, to secure 
equilibration and orientation in space. 

The weight of any object is estimated by lifting, or “hefting" 
it, that is, testing by muscular resistance Ihe pull of gravity which 
it exerts. For example it takes twice as much muscular effort, to 
keep a ten-pound ball from falling when it has been lifted into the 
air as is necessary to sustain a five-pound ball in the same w'ay. 
The difference in weight of the two balls is less accurately deter¬ 
mined when they are simply placed in succession upon the hand 
while it rests upon a solid support without muscular exertion. 
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The kinaesthetic sense organs involved in the process of ascer¬ 
taining the weight of objects are located not only in the muscles, 
but also in the tendons and joints. They are quite distinct from 
cutaneous sense organs of pressure that obviously supplement them 
in giving information about the character of ponderous objects* 

2. INTEROCEPTORS 

Appetite, hunger, and thirst are three distinct sensations asso¬ 
ciated with the digestive apparatus, for which adequate sense 
organs have not yet been discovered. 

Appetite is a pleasant sensation, not to be confused with hunger, 
which is an unpleasant sensation. Tt has been described as the 
“memory of food enjoyment,” brought about by internal changes 
in conjunction with such external stimuli as the sight, odor, or 
taste of food. 

Hunger , which is sometimes erroneously referred to muscular 
contraction of the walls of an empty stomach, is the result of 
nutritional poverty in the blood, while the sensation of thirst , 
referred to the mucous lining of the throat, is due to an increase 
in the salt content of the blood, that impels the animal to replace 
if possible loss of water from the body. Jf hunger and thirst were 
pleasant sensations we would not be so concerned to banish 
them by food and drink. 
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Adukiuds Magnus, 550. 

Albino, 203, 812. 

Albumen, 459. 

Albumin, 225. 

Aires, 70, 71. 

Alexia, 712. 

AIgcsireceptors. 753, 762, 763, 764. 
Alignments, 122. 

Alisphcnoid, 561 568, 575, 576, 577, 
584, 587, 592. 

Allantois, 42, 43, 324, 383, 384, 392, 
493 

Allun, 833. 

Alligator, 15, 46, 219, 235, 304, 422, 
534. 

Addison, 770. 

Allosomes. 141, 142. 

Altricial, 251. 

Aluaifa , 66, 67. 

Alveoli, 411. 

A Ivies, 40, 42, 272. 480, 825. 

Amber, 96, 98. 

Amblyrhynchus , 47. 

A mbystorna, 38, 39, 481. 

Ameloblasts, 293. 

Amia, 32, 233, 470, 474, 542, 563, 573. 
Amino-acids, 329, 333. 

Amiurus, 756. 

Ammocoeles , 26, 372, 509, 581. 
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Ammodyles , 275, 318, 469. 

Ammonia, 442. 

Ammonites, 92. 

Amnion, 42, 43, 170. 171, 493. 

Arnniotes, 776. 

Amoeba, 207, 270, 280, 335, 599, 671, 
638, 689, 760. 

Amphibian, 18, 33, 40, 
brain, 7 11, 717, 
cor lex, 706, 

163, 

(in, 600, 

gills, 100, 

heart, 359, 

month, 281, 

nerve cord, 684, 

nervous system. 689, 745, 

pectoral girdle, 611, 

ribs, 552, 

skin. 210, 

skull, 585, 

spinal nerves, 726, 

urinary duets, 413, 

urine. 412. 

Ampliio.xus. 22, 23, 21, 161, 168, 209, 
276, 279, 286, 313, 325, 327, 349 , 
146, 508, 821. 

Arnp/u.sbaena , 48. 

Amphist >lie, 573. 

Amptnlhcrium , 301. 

A rnphuirna , 311. 112, 551, 606. 

Amplexation. 480. 

Amplitude of vibrations, 801. 

Ampulla. 464, 788, 797. 801. 

Ampullae of Lorcnzini, 765, 766, 767. 

A my da, 46. 

Amylase, 333. 

Ainylopsin. 327, 328, 329, 333. 

Annbas , 392. 

Anaesthesia, 763. 

Anaphase, 136, 137, 140, 465. 

Anatomy, eomparutiv e, 107. 

Arichitherinm , 97. 

Andaman Islanders. 124. 

Anemoreeeptors, 753, 768. 

A nun ilia, 404, 499, 717. 

Angular, 570, 576, 580, 584. 

Animal architools, 503, 
experimentation, 187, 
pole, 164. 

Animalculum. 456. 

Anisotropic, 155. 

Ankle, 601, 626, 627, 629, 630, 633. 

Annelid, 279, 280, 349, 391, 395, 446. 


Annulus tympanious, 793. 

Anodonfa , 83. 

Anolis , 48. 

Anosmatie, 771. 

Anseriforines. 54. 

Anteaters, 56, 253, 257. 
scaly, 65. 214, 223, 236, 
spiny, 67, 482. 

Anterhiriomys, 59. 

Antelope, 70, 71, 222, 
pronghorn, 70, 
saiga, 239. 

Anterior, 8. 

Anthelix, 791, 792. 

Ant-hills, 99. 

Anthozoans. 279. 

Anthrax. 185. 

Anthropology, 104. 105, 108. 

Anf/iropopilliccus . 66, (>7. 

Antibodies. 346 

Antmonia. 2th 

Ant i/oca pra, 70, 71, 239. 

Antib'pa , 70. 

Antiseptic surgei y, 188. 

Antitoxins, 190. 

Antitragus, 791, 792. 

Antiv iviseclion, 188. 

Antlers. 237. 238. 

Antrum of Highmore. 596, 597. 

Ants, 750. 

Anus, 331, 482, 496. 

Anvil, 795. 

Aorta, 170, 377, 378, 163. 
dorsal, 169, 357, 381, 123, 
ventral, 357. 384 

Aortic arches, 357. 360, 

bodies of Zuckerkandl, 519. 

Apt;, 67, 68, 79, LI5, 249, 259, 283, 
467, 491, 550. 

Ape-man. 115. 

Aphasia, 712. 

Aphemia, 712. 

Aphids, 217. 

Apoda, 413. 

Apodes, 619. 

Apoplexy, 347. 

Apparatus, hyoid, 567, 
mammary, 224, 
urogenital, 744, 
vocal, 425. 

Appendages, 425, 
anterior, 622, 
filiform, 483, 
free, 617, 
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Appendages, lateral, 619, 
median, 617, 
paired, 601, 
pectoral, 601, 
pelvic. 601, 
pcntadaclyl, 653. 

Appendicitis, 338. 

Appendicularia, 22, 395. 

Appendix cpididymidis, 464, 494, 495, 
testis, 461, 494. 

Appetite, 832. 

Apterai. 251. 

Apteryx, 53, 161. 415, 601, 616, 620. 

Apiti.fhts, 751. 

Aqueduct of Sylvius, 695. 

Arachnids, 457. 

Arachnoidcn, 544, 685, 686, 687. 

Arbor \itac, 700. 

Arc, reflex, 666. 

Area, 339. 

Archaeology, prehistoric, 117. 

A rcfmeoftferyj , 51, 52, 211, 217, 294, 
551. 556, 609. 622. 

Archaeo/oic. 100, 101. 

Archenleron, lot, 165, 170, 173. 

Arches, aortic. 383, 384, 
branchial. 290, 580, 
gill, 391, 566, 567, 583, 
of (ioelhe, 576, 
haemal, 530, 531, 
hyoid, 289, 566, 567, 792, 
mandibular, 566, 792, 
neural, 529, 531, 553, 725, 
splanchnic, 506, 
tented, 263, 
vertebral. 533, 
zygomatic, 596. 

Archipallium, 706, 713. 

Archipterigium, 620. 

Arrhistcrnum. 555, 614. 

Area, alar, 677, 725, 
basal, 677, 725, 

Cohnheim, 644, 
friction, 262, 
of human skin, 202, 
lateral, 678, 725, 
olfactory, 707, 
vasculosa, 382. 

Arey, 171, 290, 419, 444, 449, 465, 
467, 703, 792, 833. 

Argentea, 822. 

Arginase, 329. 

Arginin, 329. 

Aristophanes, 427. 


AniKTon.lv, 3, <*j, 3<><). I!2‘) 

Arm, fore, 626, 
upper, 626. 

Armadillo, 61, 65, 214, 236, 185. 

Armor, 211. 

Aromochdys , 46. 220. 

Arleries, 349. 352. 353. 
allantoic, 384. 
anterior ciliary. 811, 
carotid. 357, 359. 383. 516, 547, 
caudal. 383, 381, 531. 
central retinal. 810, 811. 
eimilus major, 811, 
conjuncti\ah 81 I. 
cutaneous. |99, 
episc leral, 811, 
external carotid. 357, 
hepatic, 321. 
internal carotid, 357, 
omphalomesenteric, 38 4, 
posterior eiliarv, 811, 
pulmonary. 351, 358, 359, 373, 375, 
378, 383, 
renal. 136, 
subeluN ian. 360, 
umbilical, 381, 

\ itelline. 372 383. 

Artel ioles. 319, 353. 

Arlhntlcphs , 40, 12. 

Arthropodu. 1 

Articular, 570. 576, 580, 584, 796. 

Artifa< Is. 99. 

Ar(induct\Is, 68, 69, 630. 

A sea ns, 161, 463. 

Ascidian. 19, 209. 

Ashes, \oleanie, 96. 

Asphalt beds, 96. 

Ass, 71. 72. 

Association ground bundles, 683. 

Astragalus, 626, 631. 

Aslrosenpus, 660 

Asvmrnrlron. 22 

Aides. 67, 262, 487. 554, 634, 756. 

Atlas. 538. 577, 722. 

\triehosis, 261. 

Atrium, of heart, 373. 
of lung 414, 
of nose. 779. 

Atrophy, 183. 

Atropin, 745. 

A uchenin, 69, 71, 257. 

Auk, 54, 93. 

Auricle, 359, 

left, 351, 359, 365, 378, 
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Auricle, right, 351, 359, 378. 
Aurignaeian, 116, 120, 126, 128. 
Australian, 487, 633. 

Autocoids, 506. 

Autopsies, 187. 

Autosoines, 141, 142. 

Autostylir, 573, 574. 

Avebury, 122. 

Aves, 18, 50. 

Axis, 538. 
optical, 814, 816, 
skeletal, 529. 

Axon, 665, 700. 

Azilian. 125, 127, 128. 

Azygos system, 366. 

liabirusu , 70, 303. 

Baboon, 67. 

Back 1 tone, 529. 

Bacteria, 185, 333. 

Bacteriology, 186. 

Badger, 63. 

Baii.ki, 297, 139, 833. 

J ini acrid. 75, 657. 
liulucnofilcra , 75, 657. 

I tala nor/loss us , 19. 

Baldness, 261. 

Bai.kodu, 446, 815, 816. 

Bandicoot, 59, 484. 

Bantinc;, 522. 
liaptanoi/on , 294. 

Barbs, 247, 248. 

Barbules. 247, 248. 
liar bus, 212, 458. 
von Bauoki.iuiein, 644. 

Bank un, 508. 

Barriers, 87. 

Bakti.ktt, 40. 

Basalia, 245, 601, 612, 618, 620. 
Basibranehials, 566, 580. 

Basidorsals, 511. 542. 

Basil)yals, 286. 575, 576, 584. 
Basioccipital, 572, 575, 576, 577, 584, 
588, 592. 

Basisphenoid, 564, 572, 575, 576, 577, 
592. 

Basivenlrals, 541, 542. 

Basophils, 343. 

Bat, 60, 90, 224, 226, 242, 296, 302, 
319, 467, 491, 500, 557, 597, 759. 
Bateson, 19. 

Batrachoeeps, 38. 

Baum, 650. 

Bauk, 621. 


lidellosloma. 394, 397, 448. 

Beak, 245, 280, 283. 

Bean, 25, 28, 29, 30. 

Bear, 58, 63, 300, 302, 600, 
brown, 214, 
cave, 109, 300, 
grizzly, 19, 
marsupial, 58, 
polar, 62, 300. 

Beard, 258. 

Bea\ er, 63, 64, 214, 223, 298, 312, 491. 

Beddaud, 57, 59, 62, 65, 66, 68, 70, 
71, 73, 833. 

Bkeiik, 557. 

dellEEH, 728, 833. 

Bee's wax, 217. 

Beethoven, 806. 

Beetle, 217, 270. 

Bkel, A. (»., 5, 

Sir Charles, 281. 546, 725. 

Belly of muscle, 641. 

lielosaurus. 613 . 

\an BenK i>EN, 163, 165. 

Bew:, 4. 

Bkiujson, 721. 

Bhudas, 295. 

Bile, 321, 322, 333, 
capillaries, 324, 
ducts, 323, 326, 
sails, 321. 333. 

Bine, 698. 

Biometry, 178. 

Birds, 50, 

brain, 715, 718. 
cortex, 706, 
cretaceous, 719, 
pectoral girdle. 615, 616, 
pelvic girdle, 608, 
ovary, 470, 
ribs, 553, 
skeleton, 527, 
tongue. 289, 
urine, 442, 
veins, 365, 
vertebrae, 535. 

Birds ol* paradise, 79. 

BlllMINUIlAM, 331. 

Birth control, 487, 
marks, 203. 

Bischoff, 203. 

Bison, 70, 71, 120. 

Bitter, 783, 784. 

Bizzozkko, 345. 

Blacklist!, 75. 
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Bladder, 443, 482, 486, 497, 744, 
allantoic, 444, 
cloaca 1, 444, 
gall, 274, 318, 322, 
pancreatic, 326, 327, 
respiratory, 391, 
tubal, 443, 
urinary. 274. 464. 

Bi.akksj.kk, 784. 

BijA.iNf'ii a iti>, 676. 

Marina , 60. 

Blastocyst, 165. 

Blastoderm, 459. 

Blastomere,, 162. 

Blastopore, 164, 165, 176, 276, 
lip of, 172. 

Blastula, 162, 175, 276. 

Bleeders, 347. 

Bi.ks, 391, 392. 

Blindness, 183. 

Blind spot, 814, 815. 

Blood, ] 15, 
amount of. 339, 
channels, 317, 
clot, 317. 
deficiency, 182, 
islands, 382, 383, 
mixed, 375, 
platelets, 345, 
poisoning, 189, 344, 
system. II. 

Bioom, 831. 

Blubber. 196, 197. 

Boa constrictor, 414, 180, 620. 

Boar, wild, 301, 303. 

Boas, 29, 32, 235, 299, 357, 360, 361, 
372, 399, 180, 588, 775, 833. 

Bobolink, 253. 

Bodies, ehromophil, 519, 
epithelial, 511, 

lateral geniculate, 703, 730, 735, 
mammillary, 704, 707, 

JNissl, 665, 
olivary, 698, 704, 
restiform, 701, 717, 

Woliliun, 451, 465. 

Bogs, 96. 

Bohm, 148. 

Bolau, 481. 

Bolk, 295. 

Boll-weevils. 270. 

Bombinalor , 41, 604, 825. 

Bone, 149, 
cells, 134, 


Bone, cheek, 596, 
clitoris, 487, 
fore arm. 626, 

Inca, 593. 591, 

inferior turbinated, 779, 

innominate, 609, 610. 626, 

investing, 561, 570, 571, 576, 

as levers, 527, 

marrow, 56, 

marsupial, 610. 

middle ear, 56, 591, 607, 

palm, 627, 

penis, 481. 

replacing, 561, 570, 571, 

601. 

sacral. 537, 
sesamoid, 613, 
shank, 626, 
shoulder, 626, 
thigh. 626, 
tissue, t 15, 
toe, 627, 

Wormian. 593. 

Bom>\<;, 518. 

/*«, 71, 237. 

Botaeudos, 121. 

liotrylius. 21. 22. 

Borr.m:i< nr. IV.irmrs, 120. 

Bmi.r;, III. 115, 125, 173. 

Boui.kmikh, 391, 427. 

Bov mu, 137. 

Bownrrni. B10. 

Bowlin, 233, 503. 

Bi >\\ \1A\, 110. 

Bovdkn. 327. 

Biachiopods, 92. 279. 

Brachvdact yl, 625. 

Bruchvdonl, 301. 

• 

Bhadu.'i. 527. 

Brurfvjms, 65, 110, 538. 

Brain, 10, 687, 

blood supply to, 693, 
case, 559, 

comparative anatomy of, 712, 

compared with cord, 689, 

differentiation of, 690, 

flexures, 691, 

human. 690, 704. 

map of, 711, 

sight, 706, 

smell, 706, 718, 

stem, 698, 

ventricles, 695, 

weight of, 689. 
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Branch (of nerves), autonomic, 724, 
brachii>inteslinal, 737, 
cochlear, 738, 
cutaneous, 723, 
dorsal, 723, 724, 
hyomandibulur, 738, 
mandibular, 737, 
maxillary, 737, 
meningeal, 723, 724, 
ophthalmic of Yth, 737, 
ophthalmic of Vlllh, 737. 
palatine, 737, 
positremat ic, 733. 737, 
prelrematic. 733, 737, 
profundus. 737, 
superficinlis, 737, 
sympathetic. 713, 
ventral, 723, 721, 

\ cslihular. 788, 802. 

Branchial*, 303. 

Branchials, 570. 

liranchioslontu , 22. 

Buanoks, 10. 

Brandt. 230, 147, 701. 

Bum ik a, 10. 

Bn mis, 101. 

Breast, 221. 

Breastbone, 515. 

Breathing. 31, 
of birds, 423, 
of frogs. 122, 
by rectum, 302. 

Breeding, experimental, 178, 
season, 108. 

Bukiim, 05. 

Bkkssi.m’, 58. 

Bmix;i-:, 31, 32, 583. 

Bristh‘s, 257. 

Brittle stars, 270. 

BnocM vivr, 30. 

Buoman, 251. 

Bronchi. 107, 111, 110, 741. 

Bronchioles, 107. 411. 

Hrontosaurus , 44, 080. 

Biuiom, 833. 

Brown University, 53, 121, 557. 

Bruks, 701. 

Brunru, 305. 

von Buknn, 772. 

Bin or:, L70. 

Bryozoans, 270. 

Bubonic plague, 181. 

Bdckj.ani), 01. 

Buoklf.y, 74 


Buds, muscle, 659, 
myotornic, 050, 
taste, 730, 780. 

Bullalo, 70, 71. 

Huh. 40, 427. 825. 

Bulb, end, 001. 

olfactory, 701, 707, 710, 730, 
optic, 817. 

Bulbils arteriosus, 372, 377. 

Bullfrog, 127. 

Bundle, anterior ground, 083, 
of llis, 377, 380. 
lateral ground, 083. 

von Bijnok, 225. 


Bunodont, 301. 

Bckdon, 117, 153, 232, 532, 535. 
Bureau of Mines, 100. 

Burrows, 00. 

Bursa, 528, 

of Fabrieius, 275. 

Bciviov-Oimtz, 314, 700. 780, 781, 
780, 700, 801. 800, 1530, 833. 
BiTsiuLi, 220, 210, 272, 501, 572, 
583, 013, 010, 085. 002, 833. 
Butterfly, 85. 


(UwciHn. 37, 102. 118. 

Caeeilians, 213, 231, 580. 001, 015. 
Caecum, 271, 310, 311. 318, 
colic, 275, 310, 
pyloric, 33. 271. 275, 318. 
Caenolrstes. 58. 

(-aiman, 40 
Caisson disease, 181. 

Caj\i„ 700, 730. 813. 

( lulanuuchlhys. 32, 33, 233, 401, 403, 
010 . 

Calcaneus, 020, 031, 032. 

Calcis, 020. 

(lullichlhys, 302. 

Cullorh mus. 63. 

Callorhynchus. 30. 

Callosities, 247. 

Caloreeeptors, 754, 701, 704. 
Calxarium, 114. 

Calyx of kidney, 130. 

Cambrian, 101. 

Camel, 00, 71, 80, 225, 246, 314, 340, 
480. 

Camel us , 60, 71. 

Camouflage, 270. 

Campanula Halleri, 823. 

Campkh, 151. 

Canal, anal. 331, 
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Canal, auditory, 791, 792, 793, 
central, 977, 682, 685, 693, 

II aversian, 151, 152, 
hyaloid, 809, 
inguinal, 468, 
invagination, 804, 
lateral-lino, 766, 
milk. 228. 

naso-Iaorimal, 819. 825, 
neural, 677, 684, 685, 
neurenterie, 171, 173, 672, 
phallic, 482, 

perieardio-peritoneal, 174, 372, 
of Sehlenmi, 811, 

semicircular, 731, 738, 788, 794, 
797, 

urogenital, 113, 
vertebrarterial, 552, 553. 
Canalictiii, 132. 

1'aualis reunions, 801. 

Cancer, 182, 185, 332. 

Cane sugar. 329. 

Cam's, 62. 63, 257. 

( ’amno.n. 316. 518. 

Capercaillie, 220. 

Capillaries, 319, 353, 354, 
arterial. 349, 
bile, 321, 
blood. 323, 
lymph. 308, 
venous. 549. 

Capital um, 627. 

Capra, 71. 

Capsule, auditory, 581, 

Bowman's, 437, 438, 439, 447, 
150, 

eyeball. 561, 
nasal, 581, 706, 
olfactory. 561, 
otic, 561. 
sense organ, 577, 
stroma. 340, 
of Tenon, 809. 

Capuchin, 67. 

Carapace, 553. 

Carbohydrates, 270, 333. 

Carbon dioxide, 389, 432, 507, 547, 
598, 

monoxide, 340, 771. 

Carboniferous. 36, 212, 389. 

Carch arias, 398. 

Care, parental, 462, 
post-natal, 56, 
of young, 502. 


Caries, 305. 

Carina, 54, 556. 

Cai mates, 53. 

Camus, 381. 

Caiiun, 64. 

C.vm.son. 3 43. 

Carnivores. 60, 61. 90. 221, 225, 269, 
298, 319, 320. 112, 168, 191. 

Carp, 33. 311, 103, 766. 

Carpale. 602. 

Cur pals. 621, 623. 

( Umu-.u, 187 

Cartilage, 118, 
arytaenoid, 127. 128. 130, 
calcified, 118, 119, 711. 
cricoid, 427, 129, 130, 597, 
cuneiform, 129, 
elastic, 118, 149, 
ensiform. 557, 
epicoracoid, 611, 
ext (Trial car, 567, 
fibrous, 118, I 19, 
hyaline, 118, 119, 
hyoid, 129. 
interstornehral, 558, 
lahial, 581, 
lateral, 126. 

Meckel's, 567, 568, 570, 571, 579, 

nasal, 580, 

pubic, OOo, 

rostral, 382, 

of Santoi mi, 429, 


selerot it. 827, 

suprasternal. 558, 

lliyreo-arvtuenoid, 430, 

th\rco-h\oid, 130, 

thyroid. 429, 130, 567, 568, 597, 

tracheal, 567. 580, 

triticeous. 129, 

xyphoid, 557, 558, 

ypsiloid, 606. 

Carlilagincs alaris, 596. 

Cartilage triangularis, 596. 

Caruncula laeiimalis, 820. 

Casein, 316. 

Cassowary, 53. 

Castlk, 260. 

Castor , 63, 61, 257, 298. 

Casts, 98. 


Cat, 4, 15, 58, 63, 223, 225, 254, 257, 


302, 311, 

civet, 62, 63, 223, 467, 611, 


wild. 4. 
Cataract, J83, 
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Catarrh, 344. 

Cells, germ, 159, 

Catarrh ini, 301. 

giant gland, 213, 

Caterpillars, 217, 271. 

haemopoietic, 383, 

Catfish, 756. 

hair, 799, 

(JalobiepriSy 71. 

Hensen’s, 800, 

Gatlin. 71, 226, 239, 240, 491. 

intermediate. 813, 817, 

Cauda equina, 721. 

intern uncial, 667, 

Caudates, 36, 37, 287, 

interstitial, 466, 517, 

brain of, 718. 

lutein, 474. 518, 

Caverns. 96. 

Malpighian, 293, 

Garin , 63. 

mastoid, 793, 

Cavity, amnionic, 43. 168, 

membrane, 132, 

archenteric. 164, 

Merkel tactile, 756, 

body. 167. 170, 

muscle. 153. 154. 

buccal, 282. 

neuroglia, 156, 662, 

coelom ic. 168, 174, 

peripheral notochordal, 532 

digest, i\e, 167, 

photoreceptive, 807, 

glenoid, 556, 557, 601, 614, 615, 616, 

pigment, 211. 808, 

joint. 529, 

pillar, 799, 

lesser peritoneal, 436, 

polar, 139, 164, 

major, 151. 

primordial sex, 139, 

nasal, 779, 

Purkinjc, 700, 

oral, 282. 283, 407, 

red blood, 134, 

peri branchial, 21, 24, 402, 

resting, 136, 137, 

pericardial, 171,372, 

retinal. 812, 813, 817, 

perilymphatic. 797, 

Rouget, 356, 

peritoneal, 174, 

secreting, 135. 

pleural, 418, 

sensibilator, 758, 

pulp, 153, 291. 

sensory. 780, 

segmentation, 162, 164, 

Sertoli. 466, 517, 

sub-germinal. 163, 

sex, 139. L42, 

thoracic. 408, 

sperm, 134, 140, 456, 457, 

tympanic, 791. 796, 801, 

speri nalogon i c, 517, 

vitreous, 202. 

spindle, 345, 

Gehus . 67. 

supporting, 814, 

Cells, acidophil, 515, 

sustentacular, 465, 780, 

ainacrine, 813. 817, 

while blood, 342. 

association, 667, 

wreckage of, 338. 

basal, 780. 

Cellulae aoreae, 415. 

basophil, 515, 

Cellulose, 209, 333. 

beaker. 217, 

Cement, 153, 292, 293. 

blood, 134, 

Cenozoie, 101, 102, 129. 

bone, 134, 

Centers, association, 688, 

cartilage, 134, 

coordination, 689, 

chromaftine, 519, 746, 

correlation, 689, 

chromophobe. 515, 

hearing, 702, 

of Claudius, 800, 

motor, 712, 

cone, 808, 

nerve, 722, 

Dei tor's, 799, 

olfactory, 703, 

differentiation of, 133, 

organization, 174, 

ependymal, 677, 

sight, 702, 735, 

fat, 134. 

touch, 712, 

follicular, 473, 

visual, 712. 

ganglionic, 734, 813, 817, 

Cenietes , 60. 
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Centrale, 602, 620, 621, 624. 
Centrosome, 132, 140, 457. 

Centrum, 529, 725. 

Cephalization, 671, 676. 
Ceplialochorda, 18, 22. 

Cephalopus, 222. 

Ceratobranchials, 566, 580. 
Ceratohyals, 575, 581. 

Ceralopliora , 237. 

Ceratopsids, 538. 

Cercopilliecus , 257, 782. 

Cerebellum, 688, 692, 700, 704, 706, 
709, 711, 715. 

Cerebrospinal meningitis, 189. 
Cerebrum, 688, 692, 693, 709, 719. 
Chiifovtaiink, 164. 

Cervidae, 238. 

Cervix of uterus, 485. 

Cervus, 71. 

Cetacea, 60, 90, 223, 491. 

Chaetodon , 28. 

Cbalaza, 459, 460. 

Chalones, 506. 

Chamber, anl erior of eye, 202,809,910, 
anterior of sw im bladder, 403, 
forwarding of heart, 370, 
nasal, 107, 409, 
orobranehial, 421, 
peribranehial, 20, 395, 
pericardial. 171, 
poslerior of e$e, 202, 809, 810, 
posterior of swim bladder, 101, 105, 
receiy ing of heart, 370, 
tracheo-bronchia I, 128. 

Chameleon, 48. 288. 

Chameleon. 47, 237, 414, 117, 827. 
Chamois, 7L, 110. 

Charadriiformes, 54. 

Chauliodus , 218 . 

Checks, 56, 281. 

Cheetah, 4, 63. 

Chellean, 126, 128. 

('ll eh me, 46, 294. 

Chelonians, 45, 46. 

Chelupus , 46. 

Chelydm , 46. 

Chemical elaboration, 338, 
factors, 184, 
regulators, 506. 

Chenocentrus , 317. 

Chevrotain, 69, 71. 

Chewing, 281. 

Chiasma, optic, 692, 704, 709, 714, 
715, 735, 


Chiasma, pharyngeal, 306, 307. 
Chick, 169 , 311, 382, 512. 

Chimaera , 30. 

Chimpanzee, 66, 67, 116, 
chin angle of, 569, 
heel of, 633. 

Chinese fingernails. 241, 
teeth, 305. 

Chiroptera, 60, 90. 

Chi roles. 619. 

Cldnrnydosehichiis, 398, 399. 
Chlorophyll. 597. 

Clioana, 306, 307, 309, 121, 587, 

i i i. 

Choeropsts. 70. 

Cholera, 185 

Choloepns , 65. 223, 538, 551. 
Chondrioclasls. 151. 

Chondroslei, 32. 582. 

Chorda tendineae. 377, 
tympaiii. 636, 781. 

Chordal es, 1, 18. 

Chorion, 13. 382, 193. 

(’horology, 78, 107 
ChiomalTinoblasIs, 519. 

Chromatin. 132 

< Oiromafophores, 218. 

Chromosomes. 132, 135, 110, 111, 
162, 178, 
human. 111. 
leduclioii of, 472, 
sex, 112. 

(hrysemys , 16. 

('hrysoehloris , 223, 303. 

Chrvsopltrvs , 171 . 

Cl,\le, 330, 333. 

Chyme, 328. 

Ckt.ro, 26. 

Cironiiformes. 51. 

Cilia, 599. 

(aliated fraternity, 279. 

Circulation, allantoic, 383, 
systemic, 383, 

\ it cl line, 383. 

Cirri, 21, 782. 

Ci/ellus , 63. 

Cladoselachia, 231. 

Clams, 315. 

Clarias , 392. 

Claspers, 29, 218, 481. 

Classes, 15. 

Clavelina , 21, 396. 

Clavicle, 547, 556, 557, 602, 604, 613, 
614, 615, 616, 626. 
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Claws. 240, 212. 

Cleavage, 102, 175. 

Cleithra, 618, 614, 616. 

Clinics. 187. 

Glitellum, 217. 

Clitoris, 185, 406, 407. 

Cloaca, 271, 311, 318, 331, 362, 418, 
452, 175, 182. 

Club foot, 182. 

Cuidnria, 216. 

Coagulasr, 333. 

(loan, 710. 

Cahill's, 302. 

Cocc\\. 530, 551, 612. 

Cochlea, 704, 707, 700, 803, 805. 

Cock am*.u„ 157. 

Codfish. 33. 81, 461, 471, 540. 601. 

Coelcntcrala, 4, 115, 208, 217, 270. 

Coeloijenys , 257, 803. 

Coelome. 166, 168, 160, 136. 147, 451. 

(.'oenalesles, 50. 

Cold-bloodedness. 35. 337. 311, 360. 

Cen.K, 785. 

Collateral, 663, 661, 665, 
reeuirenl. 700. 

Colliculus serninalis, 406, 
superior, 730. 

Colon, 310, 331 

Coloration, adaptive, 507, 
protective. 105, 
warning. 105. 

Coluber , 50. 

Columella, 567. 580. 

Column, an tern-lateral spino-eerebcl- 
lar. 681, 

auteiior pyramidal, 681. 
of Perl ini. 137, 
of Purdaeh, 680, 681, 

Clark’s. 681 

dorsal, 608, 

of (loll, 680. 681, 

lateral, 674, 

lateral dorsal, 680, 

lateral pyramidal, 681, 

median dorsal, 680, 

post ero-lateral spino-ccrebellar, 681. 

Coins, 230. 

Go) yin Informed, 54. 

Coinmanehian. 101. 

Commissura mollis. 703. 

Commissure, anterior, 602, 705, 708, 
709, 

gray, 678, 682, 
habenular, 703, 705, 


Commissure, hippocampal, 708, 
middle, 703, 
posterior, 705, 
while, 678. 

Composite finger tip, 263. 

Concha, 778, 770, 701. 

(londor. 54, 03. 

Condyles, occipital, 56, 538, 577, 
502. 

Coridyliira , 60, 205. 

Cones, 810, 812, 813. 

Coney, 73. 467. 

Congo snake, 38 

Conjunctiva, 202, 800, 
bulbi, 818, 810, 
palpebrarum. 818, 810. 

Connecting piece of sperm, 457. 

Consciousness, 721. 

Constriction of brain, 644. 

(’outact, 753. 

Contractility, 637. 

Conus arteriosus, 372, 373. 


Convergence o| eyes, 740. 

Coin ulsions, 512. 

Cow m:\iu:. 14. 

Coordination, 680. 

Cock, 40, 302. 

OoPKLAM) 15. 

Copperhead. 40. 

CoeeuKT, 552. 

Coprolites, 00, 317. 

Copula, 288, 200. 

Copulation, 160, 481, 483. 
Coraciilormcs, 54. 

Coracoid, 555. 556, 602, 603, 604, 613, 
616. 

Couds, 270. 


Cord, 673, 676, 
extent of. 675, 
human, 674, 
spinal, 2 4, 
umbilical, 444. 

Cords, junctional, 476, 

Pil tiger V, 473. 
vocal, 307, 127, 430. 

Cor eg on us, 204. 

Curium, 175, 193, 204, 205, 206, 207, 

211 , 222 . 

Cormorant, 54. 

Cornea, 202, 809. 819, 823, 824, 830. 

Con nhr, 501, 502. 

Corneum, 204. 

Corona radiata, 160. 

Coronoid, 570, 571, 576, 580. 
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Corpora bigemina, 702, 

quudrigemina, 088, 608, 702, 700, 
720. 

Corpus albicans, 474, 

callosum, 705, 708, 709, 710, 710, 
cavornosum, 461, 488, 488, 106, 
haemorrhagicum, 478, 171, 

Uitrum, 474, 485, 517, 
mainmillare. 514, 705, 
spongiosum, 464, 488. 407, 
striatum, 688, 692, 608, 708, 705, 
706, 714, 715. 

Corpuscles, (Jiandry’s, 758, 

Ilerbsfs, 758. 

Meissner’s, 758, 750, 

Merkel’s, 131, 

red blood, 12, 855, 528, 

renal, 488, 

V a lei-Pacinian, 758. 

Coi lex of adrenals, 510, 

brain, 708, 705, 707, 708, 718, 
hair, 254. 
kidney, 487, 488, 
ovary, 471. 


Crop. 178, 311, 818. 

Gitosm, 884. 

Crossoplerygii, 582. 

('rotalus , 40. 

('.noniKits, 81. 

Crura cerebri, 608, 701, 707, 715. 

('ryplohrunclms. 88, 620. 

(5 v ptorrhisni. 468. 

Cr'vpK 828. 

Cuboid, 627. 

('uckoo. 5 4. 

(’.iieuliformes, 54. 

Cud chewing, 800. 814. 

Cuneiform, 626, 627, 682. 
Cr\MMiHVM, 278, 275, 282, 288, 281, 
310. 831, 418. 120, 520, 518, 610, 
6 45, 082, 791, 888. 

Cups, oplie, 095, 
re final, 811. 

Currents, air, 758, 
water, 758. 

Curvature, greater of stomach, 812, 
818, 

leaser of stomach 812, 818. 


COHTHZ, 181. 

of *pine. 513 

( ’OTITI, TOO. 

( a Mine, 187, 515. 

Coil in, 521. 

ClSMMXN 5. 

Cory f*lnultm . 629. 

Cusps. 302. 

Gosmin, 288. 

Culiele. 200. 21 1 

Cosii., 168. 

(ail ling 1 lie teelh, 203. 

Cotyloid, Oil. ’ 

ClIV IKK, 108, 400, 090. 

Cow. 282, 802. 

Cycle, menstrual, 501, 

Goyole, 62, 68. 

oestrus, 500. 

Crabs, 457. 

( yclopes, 01. 

Cham, 50. 62, 68. 64, 70, 73, 237, 238. 

Cvdo^lmne, 18, 25, 26, 

Cranial a, 25. 

1 48. 511, 

Craniostylie, 573, 57 4. 

brain, 713, 

Cranium, 573. 

tin, O00, 

Greatinin, 442. 

mouth, 281, 

Cm;D\Ku, 613. 

nervous system, 745, 

Crests, neural, 673. 

skin, 210." 

Cretaceous. 101,284. 

longue, 286. 

Cretins, 510. 

Cy tutelar us , 63. 

Cried us. 488. 

Cynocephalns , 67. 

Cricket. 770. 

Cynomvs, 03, 04. 

Chile, 187. 

Cy nose ion, 405, 406. 

Crista, 802, 

Cyprinidae, 403, 406. 

galli, 595. 

Cyprinns, 212. 

Crocodile. 45, 235, 305, 483, 

Cy slop!torn, 63. 

ovary, 470, 

Cysts. 404. 

penis, 483. 

Cytology. 131, 144. 

Cro-Magnon, 110, 116, 120, 128. 

Cytoniorpliosis, 132, 12 

Cromer, 188. 

Cytoplasm, 100. 

Cromlechs, 122. 

Cvtosorne, 132. 
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Dactyloscopy, 265. 

Daguerre, 5. 

DaHIXUIEN, 421. 

Dalt< >n , 710. 

Dana, 343. 

Dandruff, 204. 

Darwin. l(>, 70, 80, 81, 109, 200, 237, 
252, 501, 056. 823. 

Darwin’s point, 791. 

I hisy II is, 135. 

Dasyprocfa , 257. 
f)asypus, 64, 65, 319. 
busy unis, 58. 

Davenport. 305, 510, 701, 833. 
Davidoee, 118. 

Dawson, 111. 

Denminise, 329. 

Dm a iiiiOitN. 710, 757. 

Death, 200, 700. 

Dm ay mu, 057. 

Deck i;ut, 36. 

Decussation of the lemniscus, 099, 
of tile pyramids, 082. 

Deer, 589, 631, 

musk, 71, 233, 311. 

Delainiiiatiou. 10, 671. 

Delfth inns, 75. 

Demihranch, 397. 

Dcndiiles, 150, 003, 001, 665, 722. 
Dcridroliyrns . 73. 

Dental foinmia, 301, 302 
Dentary, 570, 571, 57o, 580, 581. 
Dentine, 153, 292, 293. 

Dentition, delinilive, 295, 
heterodonl, 299, 
milk, 295. 
prelacteal. 295, 
pi>st-de(initive, 295. 

Depression, 011, 053. 

Derma, 13, 205. 

Dermaptera, 00, 90. 
bcrmochelys , 46. 

Deucalion and Pyrrha, 105. 
Devonian, 101, 231. 

Dextrose, 329. 

Diabetes, 521. 

Diagnosis, clinical, 338. 

Diapedesis, 344. 

Diaphragm, 56,171,423,424,642, 652. 
Diastema, 297, 302. 

Dickerson, 39. 

Didelphyidae, 229. 

Didelphys , 58, 59, 224, 303, 450, 484, 
485. 


Diencephulon, 691, 692, 693, 702, 703, 
714, 730. 

Diffuse* network, 670. 

Digestion, essentials of, 333. 
Digitigrade, 629, 630. 

Digits, 602. 

Dilation, 644. 

Dilator of iris, 744. 

Dinocerus , 237. 

Dinornis, 54, 55. 

Dinosaur, 92, 101, 213, 236, 237, 526, 
537, 608, 675. 

Dirwlherium , 72, 73. 

Dioeoele. 695, 703, 701. 

Diopsida, 45. 

Diphtheria, 186, 189. 

Diphycereal, 617. 

Diphyodonl, 295. 

Diplodocns , 41. 

Diploid, III. 

Dipnoi, 27, 30, 717. 
bipus , 63, 61. 

Disc;, germinal, 161, 167, 
inie. \ erlehral, 541. 

Disease, \ddison’s, 520, 
bacterial. 183, 
caisson, 181, 
control of, 177, 

(ira\ cs\ 511. 

Dispersal. 83. 86. 

Distin bailees, 181 . 

Ditmars, 39. 

Division of labor, 162. 

Dodo, 93. 

Doelein, 833. 

Dog. 63, 223, 225, 341, 510, 650. 
Dogfish, 117, 170. 218. 295, 181, <>12. 
767. 

Doci el, 758. 

Dolhear. 761. 

Dolichoqlossus, 18, 19. 

Dolichonyjr, 253. 

Dolinger, 690. 

Dollo, 219. 

Dolmens, 122. 

Dolphin, 75, 225, 294, 539, 
skull of, 594. 

Domestication, 500. 

Donaldson, 683. 

Donkey, 430. 

Doras , 392. 

Dorsal, 8. 

Doves, 54, 84. 

Draco , 17, 199. 
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Dromedary. 69, 71. 

Drumfish, 407, 425. 

Dubois, Ill, 115. 

Duck, 54, 428. 

Duckbill, 57, 283, 470. 

Duct, allantoic, 452, 
of Bertini, 439, 
bile, 323, 326, 
of Bolalli, 339, 
branchial, 396, 
choledochal, 322, 
of Cuvier, 361, 362, 373, 384, 
cystic, 322, 
ejaculatory, 464, 177, 
endolymphatic, 797, 801, 
(iaertner’s, 452, 194, 495, 
genital, 475, 
hepatic, 322, 
lacrimal, 596, 
li\er, 322, 
lymphatic, 370, 

Mullerian, 449, 450, 464, 476, 177, 
494, 

naso-lacri trial. 779, 
pancreatic, 326, 
papillary, 437, 
pneumatic, 403, 404, 
pronephric, 147, 

Hathke’s, 452, 
of Itixinns. 285. 
of Santorini, 326, 
segmental, 447, 448, 
sperm, 467, 476, 

Slenson's. 282, 
sublingual, 282, 
thoracic, 370, 424, 
urinary, 442. 449, 451, 
urogenital, 449, 475, 

Wharton's, 282, 283, 285, 

Wirsung s, 326, 327, 

WolJIian, 447, 449, 450, 451, 452, 
453, 463, 475, 476. 477, 482. 

Ductuli aberrantes, 466, 494, 495, 
efferentes, 466, 467, 476, 494. 

Ductus arteriosus, 359, 

Botalli, 359, 

deferens, 452, 464, 466, 467, 494, 
endolymphaticus, 794, 
epididymidis, 466, 476, 494, 
Santorini, 326, 
thyrcoglossus, 287, 289, 
venosus, 385. 

Dugmore, 59, 62, 63, 64, 70, 73. 

Dugoug, 74, 303. 


Du'nn, 39. 

Duodenum, 320. 

Dura mater, 544, 685, 686, 687. 

Duv vi., 773, 817. 

Dwarfism, 182. 

Eagle. 51. 

Ear. bones, 796, 
brain, 691, 

capsule, 560, 561, 566, 581, 
drum, 793. 791, 795, 
external, 731, 
inner. 790, 797, 
lobule, 791, 
lop, 792, 

middle, 790, 793, 
nmseles, 657, 
outer, 790. 

Earthquake, 96. 

Earthworks, 123. 

Earthworm. 208, 216, 217, 272, 667. 

Easier Island, 122, 123. 

Eedvsis, 208, 261. 

Echidna, 56, 57, 228, 229, 230, 438, 
150, 189, 803. 828. 

Eehinoderms. 1, 271. 

E< kkb, 10, 256, 259, 586. 

Ecology, 78. 

Ectal, 298. 

Eel ethmoid, 576. 584, 586, 595. 

Eclocuneiform. 627. 

Ectoderm, 161. 16.5, 166, 167, 168, 
170, 175, 193. 662. 

Ectoplasm, 391. 

Erl opt cry gnid, 577, 584, 586. 

Ertosarr. 208. 

Edentates. 63, 90, 319. 

Edkiu.i:, 197. 

Edinger, 714. 715. 

Eel, 33, 231, 403, 404, 499, 717, 
eonger, 341, 776, 
mud, 38. 

Effector, 666. 

Egg, 159, 161, 458, 
abortive. 139, 
albumen of, 459, 

Ambystoma, 163, 

amphioxus, 161, 162, 164, 167, 

aquatic, 493, 

ease, 461, 

dinosaur, 618, 

fertilized, 175, 

fish. 461, 

frog, 164, 175, 176, 
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Egg, hen’s, 163, 164, 
human, 160, 
kinds of, 161, 
mammal, 163, 
mature, 139, 
ostrich, 162, 
rub! lit, 163, 164, 
shape of, 460, 
shell, 459, 493, 
size of, 461, 
telolecilhal, 161, 
tooth, 304. 
while of, 459. 

Eniu.icu, 313. 

IK!.km, 726. 
iSMOMt, 166. 

Jusmohranch, 27, 29, 
brain. 706, 714, 
girdle, 618. 
nervous system, 745, 
ovary, 470. 

Electroplates, 660. 

Eleidin, 205. 

Elephanl. 72, 78, 79, 81, 96, 221, 226, 
243, 253, 300, 303, 311. 167, 
191, 

brain, 690, 
trunk, 280. 

Ebphas, 72y 73. 

Elevation, 611. 653. 

Elevatoi palpebrae, 819. 

Elk, 71, 238. 

E i j ,i-:i\ i\v.i\uv.n , 650. 

Elliot, 111, 127. 

Elton, 833. 

Embalhmuru , 759. 

Embolus, 347. 

Embryology, 158, 171, 178, 
experimental, 159. 

Emotions, expression of, 545, 656. 

Empkooclks, 94. 

Emu, 53. 

Emulsilieation, 333. 

Enamel. 153, 292, 293. 

Encephalon, 691. 

End bull >s, Golgi-Mazzoni, 753, 763, 
lvraus(‘. 757. 

Endings, Ruffini, 757, 763. 

Endocardium, 381. 

Endocrine, 146, 182, 190. 

Endocrinology, 507. 

Endoderm, J64-170, 172, 173, 175. 

Endolymph, 367, 797. 

Endoneurium, 722. 


Endoruchis, 686, 687. 

Endosarc, 208. 

Kndoskclclon, 9. 

Kndostyle, 20, 24, 396, 506. 

Energy, 337. 

Ental, 298. 

Entcrokinaso, 329, 333. 

Entocomis, 303. 

Enlocnneiform, 627. 

Entomostraeans, 279. 

Envelopes, fetal, 493, 
pleural, 418. 

Enzymes, 327, 329, 330. 333, 346, 
132. 


Eoanthropus , 111. 

Eocene, 72, 98. 
luiluppus, 97, 98, 630. 

Eolilhic, 126. 

Eoliths, 127. 

Eosinophils, 343. 

Epihrnnchials, 566, 580. 

Epieoracoid, 557, 61 1. 

I\Zpicntmm , 464. 

Epidermis, 13, 175, 193, 203, 204, 
206, 207, 211, 222. 

Epididymis, 152, 16 4, 465, 467, 175, 
176, 488, 494. 

Epiglottis, 307, 129, 430, 567. 
Epiluppus , 97. 

Epihyal, 575, 584. 

Epimeres, 175. 

Epincphrin, 518. 

Epineiirinin, 722. 

Epiotic, 576, 578, 584. 

Epiphysis, 515, 516, 692, 694, 713. 

714,715. 

Epipuhis, 606. 

Epist<»rniim, 555. 556, 557, 613. 
Epithalamus, 702, 703, 707. 
Epithelium, 145, 
ciliated, 134, 
coluiimur, 208, 
cylindrical, 145, 
squamous, 134, 
stratified, J45. 

Epilrichium, 207, 259. 

Epitympanum, 793. 

Kponychium, 243, 244. 

Epodphoron, 452, 465, 494, 495. 
Equilibrium, 785, 786. 

Equus , 71, 97. 

Era, Archaeozoic, 100, 101, 

Cenozoic, 101, 102, 129, 
geologic, 100, 101, 
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Era, Mesozoic, 101, 

Palaeozoic, 101. 

Erepase, 333. 

Erepsin, 329, 333. 

Kretliizon , 63, 64, 656. 

Eretmochelys , 46. 

Erie ulus, 257. 

Erinaceus, 60, 487, 655, 656. 

Eryops , 554. 

Erysipelas, 189. 

Erythrocyte's, 339, 345, 
oval shaped, 340. 

Erythropsin, 830. 

Eskimo, 124, 305. 

Esophagi*, 274, 306, 307, 309, 310, 
123, 516, 517. 

Esox, 403, 113, 458. 

Eternod. 171. 

Ethmoid, 575, 581, 595. 

Ethnology, 107, 108. 

Eugenics, 190 
Eunice, 499. 

Eurycen , 38, 39, 287, 288, 113, 111. 
Eiistachhis. 518. 

Euthcrin, 60. 

Evaluation, 693, 694, 816. 

Ev \ns, 141. 

E\ human, 15. 

Excreta. 197. 

Excretion, 175. 198, 432. 

Exocoipital, 564, 568. 575, 576, 577. 

584, 585, 586, 594. 

Exocortrs , 392, 717. 

Exocrines, 146. 

Exoskelelon, 194. 

Expansion, 81. 

Experimentation, animal, 187. 
Expiration, 424. 

Extension, 644, 653. 

Exteroceptors, 753. 

Extra-columella, 796. 

E YCLEK1IEI MEN, 163. 

Eyeball, 702, 809. 

Eye brain, 691, 718. 

Eyelashes, 202, 810, 819. 

Eyelids, 202, 810, 818, 819, 
movable, 47, 
third, 736. 

Eyes, 560, 561, 

accommodation of, 823, 
amphibian, 824, 
arthropod. 808, 
bird, 826, 
camera, 808, 809, 


Eyes, convergence of, 740, 
direction, 807, 808, 
epiphysial. 585, 
tish, 822, 
frog s, 82 4, 
human, 809, 
image-forming, 807, 808, 
mammalian, 828, 
median, 820, 
mosaic*, 808, 
parietal. 717, 
reptilian, 825, 
telescopic, 824. 

Ezemi.i.. 525. 

Factors, barometric, 184. 
biological. 185. 
mechanical, 181. 

Palconiformes, 51. 

Families. 15 

Fangs, 301 587. 

K\ it n i hit. 187 

Fascia, I 48, 613. 

Fasciculi. 613 

Fat. J96, 225, 270. 330, 333, 
body 35. 

Fatigue*, 753. 

Fauces. 281. 

Feathers, 2 47, 
color or, 252, 
c ontour, 248, 
dev eloping. 218, 
lay of, 252, 
nc siting down, 248, 
papilla of, 2 49, 
pattern, 248, 
powder down, 248, 250, 
quill. 247, 219, 
shaft of, 247, 248, 
tail, 248, 
typical, 247, 
wing. 248. 

Feces, 333, 433. 

Feelers, 253, 257, 756. 

Feel, glandular, 219, 
human, 632. 

Fclis, 63. 

Felix, 449. 

Femur, 601, 602, 606, 611, 612, 626. 

Fenestra cochleae, 794, 798, 
ischio-pubic, 607, 610, 
vestibuli, 794, 798. 

Ferguson, 324, 340, 345, 464, 834. 

Ferrier, 187. 
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Fertilization, 138, 139, 140, 141, 159, 
478, 

internal, 160. 

Fetus, human, 230. 

Fever, puerperal, 189, 
typhoid, 338, 
yellow, 189. 

Fiber , 63, 64. 

Fibers, interganglionic, 743, 745, 
intergeinrnal, 780, 
intragcmmal, 780, 
nerve, 662, 
postganglionic, 743, 
preganglionic, 742, 
transverse, 713, 
of Zinn, 830. 

Fibrin, 340. 

Fibrinogen. 346. 

Fibula, 601, 602. 626, 633. 

Fibulare, 602, 620, 626. 

Filli>, 98. 

Field, glandular, 287, 
milk. 227. 

Filament, axial, 457. 
gill, 394, 400. 

Filia oltnetoria, 734. 

Filtration, 440. 

Filuin terminale, 671, 724. 

Fins, of arnphioMis, (»00, 
anal, 617, 

caudal, 24, 600, 617, 618, 
dorsal, 24, 600, 617, 
median. 21, 600, 
paired, 25, 601. 
pectoral, 24.5, 601, 
pelvic, 601, 
rays, 618, 
unpaired, 25, 617, 
ventral, 24, 600, 617. 

Fishes, 27, 
bony, 33, 
brain of, 714, 
brood sacs of, 502, 
cortex of, 706, 
deep sea. 88, 218, 
eggs of, 461, 
electric, 29, 
fins of, 600, 
ganoid. 31, 
gristle, 29, 
heart of, 372, 
lobe-finned, 32, 
pectoral girdle of. 613. 
pelvic girdle of, 604, 605, 


Fishes, physoclistous, 403, 
physostomous, 403, 
plan of, 318, 
spinal nerves of, 727, 
urine of, 442. 

Fissipedia, 61. 

Fissure, ehorioid, 817, 818, 
dorsal, 723, 
longitudinal, 710, 
palpebral, 819, 828, 
parieto-oecipital, 709, 
of Rolando, 709, 712, 
of Sylvius, 709, 710, 
umbilical, 323, 
ventral, 723. 

Flagella, 599. 

Flamingo, 54. 

Flatfish. 33, 403, 468, 717. 

Flatworiu, 318, 807, 808. 

Flavors, 783. 

Flkciisio, 680, 681. 

Flexion, 644, 653. 

Fi.F.XM’.n, 187. 

Flexures ol brain, 694. 

Flints, 99, 124. 126. 

Flipper, 603, 622. 

Floeeuli, 700, 720. 

Flower, 631, 759. 

Fluid, cerebro-spinal, 367, 686, 
epidural, 687. 
sperrnatie, 489, 
subarachnoidal, 687, 
synovial. 528. 

Flukes, 186. 

Flycatcher, 54, 249. 

Flying bat. 621, 
bird, 621. 
dragon, 47, 199, 
fish, 717, 
fox, 61, 

lemur, 60, 199, 
pterodactyl, 621, 
squirrel, 59, 63, 64, 199. 

Focussing, 822, 827. 

Folds, inner genital, 496, 497, 
labio-scrotal, 496, 497. 

Follicle, Graafian, 473, 485, 492, 518, 
hair, 254. 

Folsom, 613, 
points, 130. 

Fontanelle, 590, 
mastoidal, 568, 590, 
occipital, 568, 590, 
sphenoidal, 568, 590. 
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distribution, 337, 
materials, 270, 
storage, 315. 

Foot, 629, 630, 631. 

Foothold for muscles, 526. 

Foramen, auriculo-ventricular, 375, 
caecum, 287, 509, 
dorsal, 717, 

magnum, 37, 562, 575, 586, 589, 
592, 675, 676. 

Foramen of Monro, 692, 695, 703, 
705, 

obturator, 607, 610, 
obturatorium, 606, 607, 610, 
ovale, 374, 

of Panizza, 375, 376, 381, 
pubo-ischiae, 607. 

Forbes, 260. 

Fornix, 705, 708, 709. 

Fossa, glenoid, 597. 

Fossils, 93, 
birds, 52, 
feces, 99, 317, 
human, 108. 

Foster, 763. 

Fovea centralis, 809, 815, 816. 

Fox, 62, 63. 

France, 690. 

Franklin, 5. 

Franz, 824. 

Frass, 535. 

Free will, 721. 

Fregal a, 417. 

Frigidoreceptors, 754, 761, 764. 

Fritsch, 711. 

Frizzles, 252. 

Frog, 35, 41, 272, 341, 471, 476, 761, 
breathing mechanism of, 422, 
cricket, 41, 
kinds of, 41, 
musical, 427, 
plan, 318, 
spinal, 721. 

Frontal, 564, 568, 575, 576, 584, 585, 
588, 593, 594. 

Fuegans, 124. 

Fuertes, 62. 

Fundulus , 618. 

Fundus, 312, 313. 

Funiculi, 679. 

Funiculus, anterior, 679, 
dorsal, 674, 
lateral, 674, 679, 681, 


Funiculus, posterior, 679, 
ventral, 674. 

Fur, 257. 

Furcula, 290, 615. 

Gadow, 48, 54, 542, 595, 833. 

Gadus, 443, 461, 584, 601. 

Galapagos Islands, 80. 

Galea aponeurotica, 658. 

Galen, 370, 514. 

Guleopilhecus , 60, 226. 

GaleuSy 706. 

Ci alii formes, 54. 

G allow ay, 446, 620. 

Gall stones, 323. 

Gallup, 596, 774. 

GALTON, 265. 

Gametes, 158, 456, 474. 

Gametogenesis, 178, 471, 472. 

Ganglion, 157, 697, 729, 
cervical, 743, 
ciliary, 730, 744, 
coccygeal, 743, 
collateral. 743, 
dorsal, 673, 677, 684, 723, 
Gasserian, 730, 736, 
geniculate, 730, 732, 
habenular, 692, 
jugular, 739, 
lateral, 739, 
lumbar, 743, 
nodose, 731, 
petrosal, 731, 738, 
sacral, 743, 
spinal, 731, 738, 799, 
spiral, 692, 725, 
sympathetic, 697, 723, 742, 
terminal, 743, 
thoracic, 743, 
vestibular, 731, 738. 

Gangrene, 182. 

Ganoids, 27, 31, 32. 

Ganoin, 233. 

G ARMAN, 246. 

Garpike, 232, 470. 

Gakkkll, 742. 

Gasteropods, 388. 

(kisterasleus , 331,46k 

Gastralia, 556. 

Gastric lipase, 316. 

Gastrocoele, 276. 

Gastrula, 165, 175, 276. 

Gastrulation, 164, 165. 

Gaupp, 368, 555. 
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Gavial, 46. 

Gazella, 71. 

Gecko, 47, 288, 425. 

Geese, 54. 

Gegenbaijh, 174, 210, 430, 486, 488, 
552, 556, 563, 613, 648, 833. 

Genera, 15. 

Genes, 178. 

Genetics, 177. 

Genital eminence, 496. 

Genitalia, external, 485, 496, 497. 

Geometry, 7. 

Geornys , 63, 297, 298. 

Geotaxis. 753, 786. 

Gcotriu , 26, 822. 

Germpiasin, 178, 454, 456. 

Geiivais, 773. 

Giantism. 182. 

Gibbon, 66, 67, 116. 

Gila monster, 48, 49, 286. 

Gills, 34, 393, 
abdominal, 395, 
ciliary, 395, 
cyclosloine, 396, 
dipnoan, 400, 
elasrnobranch, 397, 399, 
epidermal, 400, 
external, 358, 398, 401, 402, 
false, 397, 
ganoid, 399, 
holocephalian, 397, 399, 
internal, 358, 
invertebrate, 394, 
leaflike, 402, 
opercular, 399, 
pharyngeal, 11, 
pouched, 397, 
primitive, 395, 
teleost, 399, 400, 
thoracic, 395, 
tunicate, 394, 
typical, 400. 

Gipsy moths, 85. 

Giraffa , 69, 71. 

Giraffe, 69, 71, 79, 238, 280. 

Girard inns , 491. 

Girdle, 601, 603, 
pectoral, 545, 555, 603, 615, 616, 
pelvic, 603, 604. 

Gizzard, 173, 311, 312, 315. 

Gladiolus, 557, 558. 

Glands, 215, 216, 
abdominal, 508, 518, 
accessory sexual, 487, 


Glands, adrenal, 329, 508, 
albuminous, 493, 
alveolar, 216, 
ampullar, 487, 
anal, 275, 489, 
of Bartholini, 489, 

Brunner's, 328, 333, 
bulbo-urethral, 464, 489, 
byssal, 217, 
carotid, 508, 519, 
cement, 217, 
ceruminous, 223, 
cervical, 488, 
ciliary. 222, 223, 
cleansing, 146, 
cloacal, 489, 
coccygeal, 508, 

Cowper’s, 482, 488, 489, 
cranial, 508, 513, 
defensive, 146, 
digestive, 146, 
ear, 220, 

von Ebner's, 782, 
endocrine, 116, 
exocrine, 146, 
femoral, 220, 
gastric, 316, 333, 744, 
genital, 451, 
giant poison, 219, 

Ilarderian, 825, 828, 
inguinal, 489, 
integumentary, 220, 
intermaxillary, 285, 
intestinal, 328, 
labial. 282. 285, 

lacrimal, 223, 776, 820, 825, 828, 
Leydig’s, 218. 

LioberkiihnVs, 277, 320, 330, 333, 

light-producing, 218, 

lingual, 285, 

of Littre, 489, 

lubrieative, 116, 

lymph, 344, 

mammary, 198, 224, 490, 
many-cclled, 216, 

Meibomian, 56, 202, 223, 819, 820, 

molar, 211, 286, 

mucous, 282, 333, 

necrobiotic, 215, 

nidumental, 492, 

nutritive, 146, 

odoriferous, 219, 

palatine, 284, 285, 

pancreatic, 508, 
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Glands, parathyroid, 511, 
parotid, 282, 731, 
perineal, 489, 
pharyngeal, 508, 
pineal, 508, 691, 
pituitary, 508, 513, 
poison, 196, 219, 285, 286, 
preening, 220, 
preputial, 223, 
prostate, 464, 188, 508, 
protective, 146, 
pLcrygopodial, 218, 
puberty, 466, 517, 
rectal, 275, 
red, 403, 404, 405, 
salivary, 282. 285, 333, 744, 
scent, 223, 

sebaceous, 56. 197, 222, 
sexual, 223, 517, 
skin, 741, 

sublingual, 282, 285, 730, 
submaxillary, 282, 285, 190, 730, 
sweat, 56, 198, 220, 221, 134, 
temperature-regulating, 146, 
thymus. 508. 
thyroid, 396, 508, 
tubular, 216, 

Tyson’s, 488, 190, 
unicellular, 216, 
urethral, 489*, 
uropygial. 220, 318, 
uterine, 488. 
vertebrate, 217, 
vitally-secrelory, 216, 
vulval, 223, 
wax, 223, 793. 

Glandular epiploicae. 275, 331. 

Gians, 461, 483, 481. 496, 197. 

Glass snake, 48. 

Globiorephufus, 75. 

Globus major, 177, 195, 
minor, 477. 

Gloehidia, 83. 

Glomerulus, 438. 439. 151, 463. 

Glomus, 417, 450. 

Glottis, 309, 126. 

Glucose, 329. 

Clycera , 339. 

Glycerine, 329. 

Glycogen, 321, 329, 520. 

Glvplodon, 65, 236. 

Gnu, 71. 

Goat, 71, 223, 239, 213, 341, 
mountain, 110, 243. 


Gubius, 788. 

Godman, 75. 

Goethe, 7, 336. 572, 575, 576, 577. 
Goettk. 173. 

Goiter, 511 
GoLnse.HNETnr.li, 762. 

Golgi. 666. 

Goll, 710. 

Gonad, 175, 462, 546. 

Gonial. 580. 

Goode, 25, 28, 29, 30, 32. 

Goodrich, 833. 

Gooscllesh, 197, 255. 

Gopher. 283, 
pocket.. 63. 

Gorilla, 66, 67, 116. 

Goi’i.o, 86. 

Grampus, 75. 

Granulocytes, 343. 

Grvv , 496. 

Gray matter, 671, 683, 681, 697, 700. 
(indie, 54. 

Gregoiu, 36, 571, 833. 

Grimaldi, 110, 1 16. 

Groove, epihranehial, 20. 21, 396, 
medullary, 171, 672, 
phallic, 182. 

Grottoes, painted, 119. 

Growth, 171. 172, 619. 

Gruiformes. 51. 

(irunters, 407, 425. 

Grynfjelot, 520. 

Guanasc, 329. 

Gunnin. 329. 

Guano, 96. 

(iiihcrnnculum Icnluculum, 467. 

< iliDERN veil, 512. 

Guinea fowl, 79, 

pig, 63, 225, 296, 183. 

Guitar lish, 27. 

Gull, 51. 

(iinns. 281. 291. 

Gusloreeeptors, 751, 779. 

Gut, 169, 173, 
postanal. 452. 

Gymna rchus, 401. 

Gymncphioria, 36, 37, 213, 586, 619. 
Gyirmoti, 406. 

Gymnotus , 659, 660. 

Gynecomastism, 228. 

Gyri, 709. 

Haacke, 66, 634. 

Habenula, 703. 
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Habenular commissure, 703, 705. 

Habit, 668, 720. 

Habitat, 78. 

Haeckel, 113, 214, 690. 

Haecker, 428. 

Haemoglobin, 12, 337. 

Haemolysis, 342. 

Haemophilia, 347. 

Haemopoiesis, 342. 

Haempkl, 27, 339, 458. 

Haemulonidae, 407. 

Hager, 557. 

Hagfish, 26, 210, 471, 713, 789. 

Hair, 56, 253, 
angora, 260, 
bulb of, 222, 
color of, 260, 
cortex of, 254, 
curly, 260, 
cuticle of, 254, 
definitive, 260, 
gray, 260, 
groups, 257, 

Hottentot., 260, 
kinky, 201, 
medulla of, 254, 
papilla of, 258, 
pigment of, 260, 
shaft, 254, 
sinus, 253. 254, 257, 
straight, 260, 
wavy, 260. 

Halicore , 73, 74, 303. 

Haller, 20, 209, 210, 211, 222, 287, 
401, 470, 588, 660, 684, 685, 767, 
827, 833. 

Haltores, 768. 

Hamatum, 627. 

Hammer, 795. 

Hamster, 312. 

Hand, 620, 634. 

Hanig, 784. 

Hanke, 602. 

Hansemann, 229. 

von Hanstkin, 622. 

Hapalc , 67. 

Haploid, 141. 

Hare, 63, 491. 

Harelip, 773. 

Harriman Expedition, 19. 

IJarrimania , 19, 20. 

Harriotta , 30. 

Harrison, 176. 

Harrow, 833. 


IIarvey, 348. 

Haswell, 51, 168, 169, 245, 293, 612. 

Hatschek, 162, 168. 

Haustra, 275, 331. 

Hawk, 54, 469. 

Head, 6, 

of rib, 548, 549, 552. 

Hcadfish, 403. 

Hearing, 752, 753, 802. 

Heart, 349, 351, 370, 
beat, 379, 
double, 376, 
embryology of, 380, 
evolution of, 371, 
external, 382, 

forwarding chamber of, 370, 

human, 377, 

lymph, 368, 369, 

position of, 376, 

receiving chamber of, 370, 

size of, 376, 

transitional, 373, 

valves of, 377, 

venous, 372, 

ventral, 11, 

work of, 378. 

H eat regulation, 196. 

IIeckel, 210. 

Hedgehog, 60, 257, 487, 655, 656. 

Heel, 633. 

IIegnkr, 48, 833. 

Hki LMAN, 44. 

IIkintz, 150. 

Heisler. 372. 

Heitzmann, 518, 623, 833. 

llelicotrema, 798, 799, 801. 

Heliozoa, 7. 

Helix, 791, 792. 

Hellbender, 38. 

Helmholtz, 748, 799. 817. 

Ilelodcrma , 48, 49, 286. 

II emiehordates, 18. 

Hemi-embryo, 175. 

Ilemipenis, 482. 

Hemispheres, cerebellar. 700, 
cerebral, 704, 705, 708, 715, 730. 

Hen, 311. 

Henle, 254, 434, 485, 574. 

Henning, 770, 772. 

Hknrion, 94. 

Hknsen, 788. 

Hepatic portal, 12, 25. 

Herbivores, 269, 272, 299, 320, 442, 
595. 
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Herder, 572. 

Hereditary handicaps, 183. 

Heredity, 177. 

Hermaphroditism, 471, 498, 
human, 471. 

Hernia, 468. 

Herodotus, 118. 

Heron, 54. 

Ilerpcslcs , 63. 

Herrick, C. J., 674, 712, 744, 833, 
G. W., 318, 459. 

Herring. 33, 471. 

IIertwig, ()., 209, 234, 

R., 24, 390, 787. 

Hesperornis, 53, 294. 

Hesse, 19, 242, 248, 280, 314, 392, 
402. 456, 772, 782, 798, 833. 
Hoteroeercal, 617. 

Heir radon, 50. 

Iletcrodont, 299. 

Helerol is, 401. 

Heranchus , 357, 398, 461. 
Hibernation, 31, 341, 500, 721. 

Ililus, 436. 

Hilziikjmkr, 4, 28, 31, 39, 45, 46, 219, 
226, 281, 297, 304, 392, 414. 

Hip, 626. 

Hipparion , 97. 

Hippidiimiy 97. 

Hippocampus ,-28, 234, 492, 551, 717. 
His, 324, 382, 703, 818. 

Histology, 132, 144, 187. 

IIitzig, 711. 

Hoactzin, 241, 311. 

Hog, 69. 

Holbein, 641. 

Holdfasts, 479. 

Holmes, 220. 

Holocephalians, 27, 29, 30, 605. 
Holostei, 32, 582. 

Home, 461. 

Homocercal, 617. 

Homo diluvii testis, 108, 
heidellteryerisis , 111, 
neandertlialensis, 109, 
rhodensis, 113, 

sapiens , 68, 110, 111, 116, 130, 454. 
Homology, 601, 602, 
table of, 626, 627. 

Honey bee, 458, 676, 756. 

Hoofs, 240, 242, 243. 

Hooke, 131. 

Hooks, anal, 480. 

Hookworm, 186. 


Hooton, 298, 834. 

Hormones, 146, 327, 338, 346, 432, 
465, 506. 

Horned toad. 48. 

Horns, 236, 
dorsal, 674, 
hollow, 239, 
keratin-fiber, 237. 

Horse, 96. 98, 224, 225, 226, 253, 
302, 341, 600, 656, 
pedigree of, 97, 
wild, 110, 119, 120. 

Horsley, 187. 

Hosktns, 513. 

Hot springs, 96. 

Hottentot, 201. 

Howell, 346, 355. 

Howlers, 67. 

IIrdljcka, 113. 

Huber, 148, 834. 

Humerus, 555, 601,602, 621, 623, 626. 
Humidity, 88. 

Hummingbird, 54, 80, 252, 557. 
Hunchback, 182. 

Hunger, 267, 753, 754, 832. 
Huntington, 372, 385, 436. 

Hurst, 107. 

Hutchinson, 322. 

Huxley, 99, 130, 245, 254, 266, 323, 
352, 378, 553, 575, 802, 834. 
Hyaena, 58, 62, 63. 

Hydra, 11, 270, 599, 669. 
Hydrophobia, 189. 

Hyla, 39, 40, 41, 42, 427, 480. 

Hy lam hales. 42. 
llylobaies, 66, 67, 314. 

Hy lodes, 392. 

Hyman, 164, 394, 834. 

Hymen, 485, 494. 

Hyoid, 288, 486, 568, 573, 575, 583, 
597. 

Ilyomandibular, 573, 576, 580, 584, 
796. 

Hyoslylic, 572, 573, 582. 
Jlypennastism, 228, 229. 

Jfyperoddon , 75. 554. 

Hyperlholism, 228, 229. 

ITypertriehosis, 261. 

Hyper trophy, 183. 

Hypoblast, 165. 

Hypobranehials, 566, 580. 

II ypoeonid, 301. 

HYpoconus, 301, 303. 

Hypodermls, 12, 199, 208, 808. 



858 


INDEX 


Ilypohippus , 97. 

Hypohyal, 575, 584. 

II ypomeres, 175. 

Hypophysis, 508, 514, 560, 593, 692, 
694,' 705, 709, 713, 714, 715. 
Hypospailia, 498. 

IJypostomus, 392. 
llypothenar, 262, 263. 

Hypoxanthin, 329. 

Ilypsodont, 301. 

Ilyracoidea, 69. 

Myras , 319, 445. 

Icebergs, 83. 

Ichthyomyzon , 26. 

Ichthyopiiis , .37, 40, 42. 
lchthyornis, 52, 53, 294. 
Ichthyosaurus , 44, 213, 317, 535, 607, 
622, 826. 

Identification, personal, 264. 

Iguana , 47, 556. 

Iguanodon, 44, 526. 

Lhijk, 834. 

Iiiiiini;, 40. 

Ileum, 310. 320. 

Ilium, 537, 602, 603. 605, 606, 607, 
608, 610, 611, 612. 

Imagination, 721. 

Impressions, fossil, 98. 

Incisors, 298. 299, 301. 

Incrustations, 96. 

Incubation, 460. 
incubatorium, 229. 

Incus, 574, 578, 579, 794, 795, 801. 
Indians, 591, 592. 

Individuality, 720. 

Individuals, 15. 

Infraorbital, 584. 

Infundibulum, 514, 688, 692, 693, 
694, 704, 711, 715. 

Inch'A it, 699. 

Inhibitors, 721. 

Injuries, mechanical, 191. 

Innate stereotyped functions, 720. 
Inscriptione^ fendincae, 650, 651. 

I nsec tiv ores, 60, 90. 224, 319, 467, 191. 
Insertion of muscle, 641. 

Inspiration, 421. 

Instep, 627. 

Instinct, 688, 720. 

Insulin, 522. 

Intercalary, 584. 

Interclavicle, 556. 

Interdorsals, 541, 542. 


Intermaxillary, 572. 

Intermediale, 602, 620, 621, 626. 

Interoceptors, 753, 754, 831, 832. 

Intcropereular, 576, 580, 584. 

Interparietal, 577. 

lnterrenals, 520. 

Intervent.rals, 541, 542. 

Intestine, 274, 
large, 274, 317, 330, 744, 
small, 274, 310, 317, 329, 546, 744. 

Invagination, 10, 172, 672, 693, 816. 

Invertase, 329. 

Iris, 202, 744, 809, 810, 823, 825. 

Irritability. 754, 784, 785. 

Isc hium, 537, 556, 602, 603, 605, 606, 
608, 611, 612, 626. 

Islands of Langerhans, 326, 327, 521, 
of Heil, 710. 

Isodont, 298. 

Isopedin, 233. 

Isotropic bands, 155. 

Isthmus of fauces, 308, 309, 
of thyroid, 509. 

.lacuna, 241. 

Jacobi, 499. 

Jakkhl, 36 

Jaguar, 4, 79. 

J ammf.s, 286, 378, 481, 531, 534, 726, 
834. 

Jainsion. 246. 

Javu man, 113. 

Jaw, 150, 151, 566, 571, 

Heidelberg, 569, 
human. 298, 
li/ard, 297, 
lower, 1 1, 283, 
mammal. 595, 
parrot, 588, 
primitive 1 . 566, 
snake, 587, 
suspension of, 573. 

Jejunum, 320. 

Jellyfish, 93, 98, 670. 

Jerboa, 63, 64. 

Johnston, 516. 

Joints, 528, 529, 

ball and socket, 534, 
saddle, 535. 

J on us, 834. 

Jordan, D. S., 15, 79, 100, 407, 535, 
II. E., 324, 340, 345, 464. 

Jugal, 564, 572, 575, 576, 579, 586, 
588, 594, 596. 
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Juice, gastric, 329, 
intestinal, 328, 
pancreatic, 329. 

Junction, sinu-auricular, 377. 
Jurassic, 53, 101, 234. 

Kahn, 200, 834. 

Kammereh, 480. 
van Kampen, 834. 

Kangaroo, 59, 222, 302, 482, 480, 
675. 

Mappers, 834. 

Katz, 770. 
deKay, 20. 

Keel, 527, 554, 556, 557. 

Keen, 130, 142, 187, 260, 267, 371. 
Rkirel, 276, 452. 

Keith, 164, 170, 355, 371, 377, 380, 
451, 463, 482, 496, 677, 707, 723. 
Kellicott, 382. 

Kellogg, 79. 

Kelvin, 106. 

Kkmpton, 834. 

Ken dale, 510. 

Keratin, 204. 

Kerato-hyalin, 205. 

Kerr, 210. 

Kew (Hardens, 3. 

Kidi», 256. 

Kidneys, 318, 433, 434, 488, 546, 744, 
horseshoe, 435, 
human, 436, 
lobulated, 434, 435, 
sexual, 475, 
unipyrainidal, 438, 
urinary, 475. 

Killer, 74, 75. 

KlMRHIt, 220. 

Kingdoms, 15. 

Kingfisher, 51. 

Kinglet, 54. 

Kingsbury, 765, 796. 

Kingsley, 39, 285, 373, 381, 384, 396, 
421, 447, 554, 778. 

K inns fern on, 46. 

Kitchen middens, 117. 

Kiwi, 53. 

Klaatsch, 116. 

Knee-cap, 643. 

Kneepads, 246. 

Koala, 58. 

Kohler, 681. 

Kohn, 509. 

Kolliker, 150. 


Kollmann, 326, 375, 473. 539, 558, 
590. 

Kraepelin, 391. 

Kraijse, 249, 326. 

Kraitse-Schmaiil, 147. 

Krogh, 355, 356, 834. 

Krupsri, 274. 

Kukenthu., 619. 

Labia majora, 485, 486, 496, 
minora, 485, 486, 496. 

Labyrinth, bony, 797, 
of kidney, 438, 

membranous, 797, 798, 800, 804, 
respiratory, 392. 

Labyrinthodonls, 36, 292. 

Ixicerta, 48, 219, 220, 450, 777. 

Lacritnals, 575, 576, 578, 584, 587, 
588, 596, 597. 

Laeteals, 320. 330, 333, 345, 351. 

Lactose, 329. 

Lacunae, 151, 152. 

Lacus lacrimalis, 819. 

Lamarck, 202. 

Dunellao, 150, 151, 152, 529, 
alar, 697, 
basal, 697, 
circumferential, 151, 
concentric, 151, 
dental, 293, 
interstitial, 151. 

Lamina spiralis, 800, 

terminalis, 514, 695, 704, 708, 709, 
711 

JjOniria , 398. 

Larnpetra , 27. 

Lamprey, 25, 210, 325, 326, 341, 509, 
533, 540, 685, 713, 789. 

I Aim propel (is, 50. 

Lancelot, 23. 

Landslides. 96. 

Langley, 741. 

Language, primitive, 108. 

Lankestek, 31, 37. 

Lanugo, 259 

Laryngo-plmr>n\, 307, 309. 

Larynx, 56. 426, 429, 430. 

Latehra, 459. 

Lavater, 656. 

Lavoisier, 388. 

Law, of distribution, 79, 

Muller’s, 748, 
of overproduction, 81, 
palaeontological, 102, 
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Law, of priority, 17, 

Stephan’s, 770. 

Layer, cement, 232, 
chorioid, 809, 810, 811, 830, 
corneal, 206, 243, 
corneo-scleral, 809, 
external molecular, 700, 
germ, 171, 175, 
luciduin, 204, 205, 243, 
Malpighian, 203, 204, 206, 207, 
222, 243, 244, 
papillary, 206, 207, 
parietal, 468, 
reticular, 207, 
retinal, 810, 811, 813, 
subcutaneous, 204, 207, 
vascular, 810, 
visceral, 468. 

Learning, 56, 231, 668, 720. 

leather. 205. 

Leber, 811. 

Leboucq, 550. 

Lec.hk, 608. 

van Leeuwenhoek, 339, 348, 456. 

Le*dy, 97. 

Leighton. 622. 

Lemming, 63. 

Lemur, 66, 91, 245, 303, 

Hying, 226. 

Lendenfelo, 218. 

von Lenhossek, 167, 173. 

Ions, 202, 809, 810, 811, 815, 817, 818, 
823, 824. 829, 830. 

Jeopard, 1, 79. 

Lepidoptera, 141. 

I^epidosiren , 31, 400, 412, 583. 

Lepisostcus, 32, 232, 443, 470, 474, 
573. 

Leplobos , 114. 

Lepus, 63, 261, 445. 

Leucocytes, 134, 342, 345, 
origin of, 343. 

Lewis, 132, 149, 244, 261, 458, 477, 
834. 

Leydig, 219. 766, 767. 

Life realms, 89. 

Ligaments, broad, 495, 
ciliary, 202, 809, 830, 
ileo-femoral, 612, 
ileo-sacral, 611, 
intervertebral, 531, 
round, 323, 
suspensory, 812, 815, 
ventral, 169, 


Ligaments, vesicoumbilical, 444. 

Ligamenlum carpi, 624, 
teres, 325. 

Light, 23. 

Light, 88. 

Linea alba, 605, 645. 

Lines of growth, 233. 

1 Angulo ,, 92. 

Linnaeus, 17, 26, 27. 

Lion, 4, 63, 96. 

Lipase, 333. 

Lips, 56. 

Liquor folliculi, 160. 

Lister, 186. 

Lithie laboratory, 124. 

Little, 834. 

Liltorina , 86. 

Liver, 169, 173, 175, 274, 310, 311, 
318, 321, 324, 351, 507, 546, 744. 

Lizard, 213, 235, 288, 312, 318. 480, 
512, 777, 
legless, 601, 615, 
ovaries of, 470, 
penis of, 482. 

Llama, 69, 71, 96, 225, 467, 829. 

lobe, anterior, 514, 515, 
caudate, 325, 
central, 710, 
electric, 714, 716, 
frontal, 710, 
inferior, 704, 716, 
intermediate. 515, 
of kidney, 437, 
occipital, 710, 

olfactory, 688, 692, 705, 709, 710, 
715, 717, 718, 730, 
optic, 692, 693, 702, 706, 714, 715. 
parietal, 710, 715, 
posterior pituitary, 514, 703, 
pulmonary, 417, 418, 
quadrate, 325, 

Spigelian, 325, 
temporal. 710, 
trigeminal, 714, 
vagus, 714. 

localization, cerebral, 710, 711. 

Lockjaw, 189. 

Locomotion, 34, 199, 527, 545. 

Ioc.y, 706. 

Lonchcres , 257. 

Loon, 54. 

Loop, aortic, 359, 
arterial, 360, 361, 

Henle’s, 438, 439, 
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Loop, radial, 263, 264, 
ulnar, 263, 264. 

Ix>phobranch, 294. 
von Lothks, 774. 

Lorodonta , 72, 73. 

Luboscii. 471. 

Lucas, 241, 289, 557. 

Lijciant, 817. 

Lull, 94, 834. 

Lumbricus , 671. 

Luna tui n. 626. 

Lung-books of spiders, 391. 
Lungfish, 30, 31, 476, 499. 

Lungs, 35, 173, 318, 351, 362, 391, 
407, 413, 418, 744. 

Lunula, 243. 

Lutra , 257. 

Lutz, 85. 

Lydkkker, 38, 64. 

Lyell, 93. 94. 

Lymph, 145, 367. 

Lymphatics, 351, 354, 366, 36' T . 
Lymphocyte, 343, 345. 

Lynx, 4. 

Lyre birds, 252. 

Macacus , 67, 116, 782, 791. 
MacBiuuE, 581. 

MacFiE, 434. 

Mackerel, 275, 818, 471, 618. 
Macrocfielys, 46. 

Macropoitus, 392. 

Macropus, 59, 222. 

Macula communis, 802, 
lagenae, 797, 798, 
lutca, 815, 
neglectu, 802, 803, 
sacculi, 797, 798, 802, 
utriculi, 797, 798, 802. 
Magdelenian, 126, 128. 
Magendie, 725. 

Magnum, 627. 

Malachoclemys , 46. 

Malapterurus , 660. 

Malar, 568, 579. 

Malaria, 186. 

Malays, 305. 

Malbranc, 765. 

Mallard, 428. 

Malleus, 574, 578, 794, 795. 
Malpkt, 3. 

Maijhghi, 203. 

Maltase, 239, 333. 

Malthus, 81. 


Maltose, 329. 

Mammae, supernumerary, 228, 229. 
Mammals, 18, 54, 
arch i pa Ilium, 707, 
brain, 715, 
pectoral girdle. 616, 
ribs, 554. 
urine, 442. 

Mammillary recess. 703. 

Mammoth, 72, 93, 96, 98, 109. 120. 
Man. 68. 84, 88, 104, 
facial angle, 589, 
mouth, 281, 
spinal ner\es, 727, 
penis, 464, 482, 497. 

Manatee, 56, 73. 

Mandible. 568, 570. 697. 

Mandibular. 571, 573, 575, 577, 586. 
Mandrill, 67. 247. 

Mane, 504. 

Mam's, 65, 223. 236 
Mantle, 391. 

Manton, 835. 

Manubrium. 557, 558. 

Mahkobski, 558. 

Marmoset, 67. 

Marmot, 491. 

Marmot a, 63. 

Marrow, 528. 

Marsh, 41, 52, 53, 608, 689. 
Marshal!.. 183. 

Marsh birds, 54. 

Marsipobranehs, 396. 

Marsupials. 58, 90, 295, 319, 468, 
490, 500. 

Marsiipiinn, 58, 229, 230, 192. 
Marten, 63 

Martun, 201. 229, 244, 257, 487. 
Mascha, 247. 

Mass, inner eell, 161, 165, 168, 
intermediate, 705. 

Mastodon, 96, 303. 

Matter, gra\, 683, 684, 697, 
white, 683, 684, 697, 700. 
Matthew, 97. 

Maturation, 138, 139, 474. 

Maurer, 212, 219, 258, 401. 

Max, 113, 114. 

Maxilla, 568, 571. 

Maxillarv, 564, 573, — r '76, 579, 
584, 586, 588, 591, 596. 
Maximow, 834. 

McCahhen, 59. 

McLeod, 522. 
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McMuRRicn, 290, 381, 514, 538, 568, 
834. 

Mediastinum, 174, 408. 

Medicine, creative, 190, 
curative, 189, 
preventive, 190. 

Medulla, 682, 688, 692, 696, 704, 706, 
709, 714, 715, 
of adrenals, 519, 
of hair, 254, 260, 
of kidney, 437, 438, 
of ovary, 471. 

Medusae, fossil, 96. 

Meek, 676. 

Megaliths, 121. 

Meyalolxil rack us , 38. 

Meguptera, 75. 

Mkii'nkkt, 608. 

de Meijehe, 257. 

Meiosis, 138, 140. 

Mkiseinheimeh, 463. 

Meeandeii, 834. 

Melite, 217. 

Membrane, basilar, 798, 799, 
mucous, J93, 

nictitating, 736, 819, 824, 828, 
nuclear, 132, 

Reissner's, 798, 799, 

Schneiderian, 772, 775, 776, 
semilunaris, 428, 
synovial, 529, 
tectoria, 799, 800, 
tympanic, 793, 796. 

Memory, 721. 

Mendelism, 177, 178. 

Menhirs, 121. 

Menidia , 503. 

Meninges, 685. 

Meningitis, 189. 

Meninx primitive, 686, 687. 

M eniscus, 529. 

Menopause, 500. 

Menstruation, 492, 500. 

Mento-Meckcliun, 576, 580. 

Mentone, 110. 

Meinzel, 641. 

Mephistopheles, 336. 

Mephitis, 63. 

Mercator map, 89. 

Mkukku 324, 419, 464, 766. 

Merlucius , 274. 

Merychippus. 97. 

Mesencephalon, 691, 692, 702, 730. 

Mesenchyme, 169, 170, 175, 209, 541. 


Mesentery, 167, 169, 175, 320, 332, 
450, 451, 463. 

Mesethmoid, 578, 579. 

Mesoblast, 170. 

Mesocoele, 695. 

Mesocuneiform, 627. 

Mesodaeuin, 276, 277. 

Mesoderm, 166, 168, 169, 173, 
somatic, 168, 169, 170, 193, 541, 
splanchnic, 166, 167, 168, 169, 170, 
541. 

Mesogastrium, 436. 

Mesohippus , 97. 

Mesolithic, 126, 127. 

Mesorneres, 175. 

Mesonephridia, 448, 449. 
Mesonephros, 446, 448, 465, 494. 
Mesopterygium, 245, 612. 

Mesopterygoid, 584. 

Mesorehium, 467. 

Mesovarium, 469. 

Mesozoic, 101, 102, 129. 

Metabolism, 5, 6. 

Metacarpals, 602, 621, 623, 627, 
631. 

Metacocle, 695. 

Metaeonid, 301, 303. 

Metaconus, 301, 302. 

Metamorphosis, 35. 

Metanephridia, 451, 452. 
Metanephros, 446, 451, 507. 
Metaphase, 136, 137, 465. 
Metapterygium, 245, 612. 
Mctupterygoid, 584. 

Metatarsals, 602, 620, 627, 632. 

Meta tela, 699. 

Mctatheria, 58. 

Mktchmkof, 332. 

Meteneephalon, 691, 692, 699, 701, 
702. 

Metz, 135. 
de Meijjion, 512. 

Meves, 457. 

Mkykii, 611, 612. 

Meyeiis, 55. 

Michaelanoeeo, 593, 641. 

M icroconodon , 301. 

Micron, 341. 

Micropathology, 187. 

Microsmalic, 771. 

Mwrotus , 63. 

Midas , 257. 

Midbrain, 702. 

Migration, 498. 
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Milk, 224, 432, 
pigeon’s, 311, 
uterine, 490. 

Miller, 367, 412, 416. 

Mine, 100. 

Mink, 62, 63. 

Minot, 687, 688. 

Miocene, 116. 

Mirarevu, 296. 

Misgurnus , 392. 
Mississippiun, 101. 

Mist ichthys , 27. 

Mistletoe, 84. 

Mitchell, 412, 831, 834. 
Mitosis, 136, 137, 140. 

Moa, 54, 55, 93, 616, 

162. 

Modiolus, 799. 

Mola, 403. 

Molars, 299, 302. 

Molds, 98. 

Mole, 258, 295, 303, 539, 557, 
Cape. 223, 
marsupial, 59, 
star-nosed, 60, 773. 

Mohjuhi , 20 . 

Mollier, 424, 611, 637, 651. 
Mollison, 229. 

Mollnsks, 4, 208. 

Molting, 250.. 

Mon a low, 702. 

Mongoose, 63, 84. 


Monitor, 48. 
Monkev, 66, 67, 
283, 301, 314, 


79, 115, 116, 261, 
554, 634, 756. 


Monocytes, 343. 

Monodon, 74, 75, 305. 

Monoestius, 500. 

Monophyodonl, 295. 

Monol.remes, 57, 90, 229, 305, 319, 


467, 616. 

Monro, 695. 

Mons Veneris, 486, 496, 497. 
Monuments, 121. 

Moody, 513. 

Moore, 468. 

Moose, 70, 71, 238. 

Mordacia , 26. 

M or my r us , 469. 

Morphology, 14, 179. 
Morris, 574, 610, 619. 
Morse, 86, 600. 

Moschus, 71. 

Moser, 419, 420. 


Mosquito, 87. 

Moth, 217, 270, 769. 

Mounds, 123. 

Mouse, 56, 59, 63, 302, 491, 
jumping, 58, 63, 
marsupial, 59, 
pocket, 63, 
spin>, 257, 
waltzing, 789, 
white footed, 63. 

Mousterian, 126, 128. 

Mouth, 281, 
of alligator, 281, 
of nestling bird, 281, 
protrusible, 280, 
ventral, 29. 

Movement, of eyeball, 736, 740, 
hinge, 630, 631, 
of tail, 545. 

of tongue, 288, 289, 291, 
of vertebrae. 544. 

Mucosa, 277. 

Mucus, 432. 

Mud puppy, 37, 38, 555. 

Muller, 22, 24. 319 

Mulliangulum majus, 627, 
minor, 627. 

i\J urania* 776. 

Mtjrpiiy, 215. 

Mubrw, 89 

Alius , 63. 

Musearin, 745. 

Muscles, 036, 
abductor, 653, 
adductor. 427, 053, 
appendicular, 652, 
arreclor pili, 235, 
arylncno-epiglottie, 430, 
axial, 617. 
biceps, 04 I, 

branchiimierie, 646, 654, 

buccinator, 282, 

cardiac, 154, 155, 156, 640, 

ciliary, 202, 744, 809, 812, 827, 

circular, 277, 

crieo-thyroid, 430, 

deltoid, 462, 

dermal, 655, 

dilator, 427, 

dorsal-axial, 651, 

ear, 792. 

elevator, 653, 

extensor, 653, 

external rectus, 647, 736, 
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Muscles, extrinsic, 653, 818, 

eyeball, 647, 730, 736, 744, 810, 
819, 

facial, 657, 658, 
lin, 652, 

Hying, 423, 
genioglossal, 287, 
head, 657, 
human, 640, 
hyoglossal, 287, 
inferior oblique, 647, 736, 
inferior rectus, 647, 736, 
insertion of, 611, 
integuinental, 646, 655, 
internal rectus, 647, 736, 
intrinsic, 653, 
involuntary, 155, 175, 744, 
iris, 745, 
leg, 644, 

levator palpebrae, 736, 
longitudinal, 277, 
masseter, 282, 654, 
metainerie, 646, 647, 
panniculus earnosus, 657, 
patigial, 655, 
pectoral, 22 4, 642, 
plalysrna. 658, 730, 
progressive, 659, 
psychological, 659, 
rectus abdominis, 423, 
regmssi v e, 659, 
retractor bulbi, 647, 648, 736, 
sculp, 730, 
serratiLs, 641, 
shuddering, 656, 
smooth, 134, 154, 639, 
soniferus, 406, 
sphincter, 651, 
colli, 657, 658, 
stapedius, 654, 796, 801, 
sternalis, 658, 

sternocleidomastoid, 654, 731, 
striated, 134, 154, 639, 
stylohyoid, 654, 

superior oblique, 647, 730, 736, 829, 

superior rectus, 647, 736, 

temporalis, 654, 

tensor tympani, 654, 796, 

thyreohyoid, 430, 

tongue, 648, 731, 

transversus, 423, 

trapezius, 641, 731, 

ventral trunk, 649, 

voluntary, 175, 


Museum, American of Natural His¬ 
tory, 98, 303, 591, 608, 
Antiquarisches of Zurich, 119, 
British, 3, 

Ohio State, 124, 

Peabody, 33, 97, 98, 

U. S. National, 95. 

Musk, 771. 

Muskrat, 63, 64. 

Mussel, 217. 

Muslela , 63. 

Mutation, 178. 

Myceles , 67. 

Myctodera, 37, 38, 39, 401. 
Myeleneephalon, 691, 692, 696, 702, 
730, 731. 

Myelocoele, 695. 

Myelocytes, 343. 

Myliobatidae, 469. 

Myocommata, 605, 645. 

My odes, 63. 

Myofibrils, 153, 155, 637. 

Myology, 637. 

Myomeres, 605. 

Myoplarnus , 257. 

Myotis, 61. 

Myotome, 170, 450, 541, 641, 645, 
647, 652. 

Myriapod, 217, 467. 

Myrmccophaya, 64, 319. 

Myslacoeeti, 75. 

Myxedema, 510. 

My line, 26,396,397,471,713,789,802. 

Nails, 242, 243, 244, 245. 

Napoleon, 180, 641. 

Nares, 777. 

Narwhal, 74, 75, 304. 

Nasals, 564, 568, 575, 576, 578, 583, 
584, 587. 

Nasophurynx, 307, 308. 
Naso-turbinals, 575. 

Nausea, 753. 

Naviculare, 626, 627, 632. 

Neal, 834. 

Neanderthal, 109, 116, 129. 

Neck, 538, 

of rib, 548, 549. 
of tooth, 291. 

Necturus , 37, 38, 367, 412, 414, 421, 
427, 555, 825. 

Nemathelminthes, 4. 

Neoceratodus , 31, 233, 400, 412, 476, 
620. 
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Neolithic, 123, 126, 127, 129. 

Neoliths, 127. 

Neomorph, 236, 532. 

Neopallium, 706, 107. 

Neoslernum, 554, 556, 557. 

Nephridia, 433, 446. 

Nephrosloinc, 447, 449, 450, 451, 463. 

Nereis , 395, 671. 

Nerve cord, 9, 23, 167, 170, 172, 173, 
531, 532, 545. 

Nerves. 156, 721, 722, 
abducens, 730, 733, 736, 
acoustic, 731, 733, 738, 
braiichio-intestinalis, 739, 
buccal, 737, 
caudal, 722, 
cervical, 722, 726, 
coccygeal, 727, 
cochlear, 738, 
cranial, 722, 728, 740, 
dorsal pharyngeal, 738, 
external mandibular, 737, 
facialis, 654, 730, 733, 737, 738, 
glossopharyngeal, 654, 731, 738, 
739, 

gustatory, 739, 
hyomandibular, 738, 
hypoglossus, 648, 731, 739, 710, 
internal mandibular, 737, 
lateral trunk, 739, 
lumbar, 722, 

oculomotor, 617. 730, 744, 
olfactory, 707, 728, 730, 734, 
optic, 693, 715, 728, 730, 734, 809, 
810, 811, 815, 823, 
pathetic, 736, 829, 
phrenic, 642, 652, 
pneumogastric, 739, 
sacral, 722, 723, 724, 
spinal, 722, 723, 724, 

accessory, 731, 733, 740, 
spino-eranial, 732, 
terminal, 706, 730, 732, 733, 
thoracic, 722, 726, 
trigeminal, 654, 730, 733, 736, 739, 
trochlear, 730, 736, 
vagus, 424, 546, 652, 731, 733, 739, 
vaso-motor, 356, 380, 
vestibular, 738. 

Nests, 460, 503, 553. 

Networks, 670. 

Neural arch, 529, 531, 
crests, 673, 
fold, 169, 171, 


Neural plate, 169, 171, 
tube, 168. 

Neurenteric canal, J71, 173, 276. 

Neurites. 156, 663, 661, 722. 

Neuroblasts, 663. 

Neurocrunium, 559, 565, 566. 

Neurotihrils, 156, 655. 

Neuroglia, 156, 667, 684. 

Neurol minors, 218, 663. 

Neurolemma, 605. 

Neurons. 156, 662, 667, 722, 
ulfcrcnt. 607, 
bipolar, 661, 
effector, 667. 712, 
intern uncial, 667, 
involuntary, 678, 
motor, 671, 677, 725, 
multipolar, 664, 
receptor, 712, 
relating, 742, 
sensory. 671, 677, 
somatic efferent, 729, 
afferent, 729, 
unipolar, 664, 
visceral, 725, 


afferent, 729, 
efferent, 729, 
voluntary somatic, 678. 

Neuropore, 27<>, 673. 

Neutrophils, 343. 

Nicw main, 31, 32, 36, 37, 38, 64, 834. 
Newts, 37, 166, 476, 765. 

N IliKSTIl \NZ, 834. 

Nipples. 56, 221, 227, 230. 

Nitrogen, 387. 

Nitrciik, 238, 239, 251. 

Noble, 834. 

Noci rerep tors, 764, 831. 

Node, auriculo-ventricular, 380, 
lymph, 320, 369, 
of Hanvier, 665, 
simi-auricular, 377, 380. 
Non-adapti bilily, 86. 

Non-chord ate, 12. 

Noni>KTNSKl()LD, 74. 

Normal, 180. 

Nostrils, 409, 423, 
muscles, 655. 

Notidanns , 573. 

Notochord, 9, 23, 146, 147, 166, 168, 
169, 170, 172, 173, 175, 176, 532, 
533, 534, 560. 

Notaryctes, 59. 

Noloserna , 767. 
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Noiotherium , 97 . 

Nololremuy 40, 42, 492. 

Nuclease, 329. 

Nucleolus, 160. 

Nucleus, 131. 132, 160, 697, 729, 
ubducens, 730, 
amhiguus, 731, 
caudate, 706, 710, 
cuneatus, 699, 

Deiters’, 690, 
dentate, 701, 

Kdinger-Westphal, 730, 
gracilis, 699, 
habenular, 516, 
hypoglossal, 731, 
inferior olivary, 690, 
infeiior salivatory, 731, 
lentiform, 706, 710, 

Motor of Vth, 730, 

VIlib, 730, 
oculomotor, 730, 
of Pander, 459, 
pulposus, 542, 
red, 701, 
solitarius. 701, 
somatic aileront, 697, 
efferent, 697, 
superior salivatory, 730, 
trochlear, 730. 

Ntjiiin, 44, 246, 203, 322, 437, 443, 
034. 

Nuthatch, 54. 

Nympliao, 405. 

Obsidian, 121. 

Oecipilals. 577, 500, 592. 

Ocelot, 4. 

Odobaenus. 63. 

Odontoblasts, 292, 293. 

Odontoceti, 74, 75, 295. 

Odors, 770, 
sexual. 107. 

Oecanlhus, 761, 779 

Oestrus, 500. 

Okapia , 69, 71. 

Old age, 201. 

Ollactoreceptors, 754, 769. 

Oligocene, 97, 117. 

Oijvikh, 510. 

Olin, 37. 

Omasum, 314. 

Omentum, 436. 

Ommatidium, 808. 

Omnivores, 269. 


Omostcrnuin , 555. 

Onohippidiurn, 97. 

Oriychodaclylus , 240. 

Oocytes, 139. 

Oogenesis, 170. 

Obgonia, 139. 

Opening, cloueal, 311, 
ineurrent, 20. 

Operculum, 30, 398, 564, 576, 580 
504. 

Oph iocephalus , 392. 

Opbiosnurus. 48. 

Opisthocoelus, 534. 

O/fisllioconius , 211, 311. 

Opistholic, 576, 570, 505, 796. 

Opossum, 50, 59, 211, 224, 229, 302 
303, 404, 485. 

Oppki., 034. 

Opsartn.s , 404, 405. 

Opsonins, 109, 190, 346. 

Orang utan, 66, 67, 116, 628, 629. 

Ora serrala, 011. 

Orbicularis palpebrae, 019 

Orbitosplit'iioid, 564. 575, 576, 577 
507, 592. 

Orca. 71, 75. 

Orders, 15, 
of birds, 51, 
of mammals, 57. 

Ordovician, 101. 

Organ of Corti, 731, 799, 800, 002. 

Organization centers, 176. 

Organology, 171. 

Organs, 1 11, 
brood, 490, 

chemical sense, 751, 760, 
clasping. 29. 
copulator\, 400, 
culaneous sense, 754, 
defensive, 504, 
degenerate, 493, 
electric, 659, 
environmental, 717, 
genital, 711, 
gravity, 751, 705, 
hydrostatic, 406, 

Jacobson’s, 734, 777, 

lateral-line, 754, 765, 766, 790, 802 

light, 218, 

lymphatic, 522, 

mammary, 224, 

offensive, 504, 

orientation, 753, 

parietal, 516, 694, 021, 
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Organs, phosphorescent, 218, 
pineal, 713, 821, 
pit, 765, 766, 
pressure, 753, 763, 
reproductive, 454, 
respiratory, 390, 
rudimentary, 493, 494, 
sense, 747, 
smell, 754, 768, 779, 
stato-acoust io, 785, 
taste, 754, 768, 779, 
touch, 753, 755, 

Weber’s, 406, 494, 495, 789. 

Orientation, 753. 

Origin of circulatory system, 382, 
leucocytes, 343, 
lungs, 419, 
molars, 302, 
muscle, 641. 

Ornithorhynchus , 57, 229, 257, 470, 
577, 596, 675, 719. 

Orohippas. 97. 

Oropharynx, 307, 308. 

Orlhagorisms, 676. 

Orthal, 298. 

Orthodentine, 292. 

Orycteropus , 65, 292, 491. 

Osborn, 58, 60, 65, 109, 112. 301, 302. 

Osmcrus , 474. 

Osmosis, 269,^335. 

Osphromcnus , 392. 

Osprey, 214. 

Os priapi. 484. 

Ossicles, 235. 

Ossification of skull, 563. 

Osteoblasts. 149, 150. 

Osteoclasis, 149, 150. 

Osteodcntine, 292. 

Ostium abdomiiiale, 176, 492. 

/ )s tra coder ms, 27, 231. 

Ostrich, 251. 

Of aria, 63. 

Otic bones, 594, 
capsule, 561. 

Otoconia. 789. 

Otoliths, 589, 802. 

Otter, 312, 467. 

Oiulenodon , 294. 

Outflow, bulbar, 744, 
sacral, 744, 
thorncioo-lumbar, 744. 

Oval, 405. 

Ovary, 463, 469, 485, 486, 508. 

Overtones, 902. 


Ovihos , 70, 71. 

Oviduct, 318, 449, 452, 477, 486. 

Oviparous, 479, 503. 

Ovis. 71. 

Ovoviviparous, 503. 

Ovule, 159, 478. 

Ovum, 160, 175, 458, 469, 473, 
human, 170. 

Ovvi:n, 292, 300. 468, 834. 

Owl, 54, 469, 826, 828. 

Owsmnmkow, 689. 

Ox, 435, 

musk, 70, 71, 98. 

Oxyaeid, 329. 

Oxygen, 387, 388, 404. 

Oxyhaemoglohin, 340. 

Parity or n is, 616. 

Pad, digital, 210, 242, 
interdigital, 262. 

Paddlelish, 32. 

Paedogenie, 22. 

Pain, 198, 753, 763. 

Palaeolithic, 125, 126, 127, 128. 

Palacoliths, 127. 

Palaeomastodom, 73, 301. 

Palaeontology, 94, 
linguistic, 108. 

Palaeozoic, 101, 102, 129. 

Palate, deft, 182, 

hard, 283, 307, 571, 587, 596, 777, 
soft, 283, 307. 

Palatine, 571, 572, 573. 575, 576, 
579, 584, 586, 588, 591, 596. 

Palatoquudrate, 586. 

Palinal, 298. 

Pallium, 705, 714, 715. 

Palm. 601. 

Palpehrne superioris, 819. 

Pancreas, 168, 175, 274, 310, 318, 321, 
326, 329, 333, 436, 507, 508, 521, 
516. 744. 

Pangolin, 65, 115, 214. 

Panther, 1. 

Papilla, 222, 
basal, 798, 803, 
dental, 293, 
dermal, 254, 
feather, 249, 
filiform, 298, 
foliate, 287, 781, 
fungiform, 287, 781, 
nutritive, 206, 
kidney 436, 438, 
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Papilla, sensory, 206, 759, 
taste, 780, 
urethral, 483, 
vallate, 287, 78J, 782. 

Papio , 67. 

Parachordals, 560, 561, 581. 
Paraconid, 301, 303. 

Paraeonus, 301. 

Paradidymis, 452, 464, 466, 491, 
495. 

Paraganglia, 519. 

Paraglobulin, 346. 

Parahippas , 97. 

Par an tec i am, 769. 

Paraphysis, 516, 692, 715, 718. 
Parapsida, 45. 

Paraquadrate, 572, 578, 585. 
Parasites, 185, 186, 269. 

Parasitic invasion, 338. 

Parasitology, 186. 

Parustcnmlia, 610. 

Parasternum, 555, 556. 

Parathyroids, 508, 509, 511. 

Parietals, 564, 568, 575, 576, 577, 584, 
585, 593, 594. 

Parieto-lrontais, 583, 586. 

Parker, Ci. 11., 218, 633, 667, 669, 
670, 671, 708, 770, 772, 

T. J., 51, 168, 169. 245, 293, 581, 
612, 

W. K., 556, 584, 

Paroophoron, 452, 494, 495. 
Parovarium, 485. 

Parra , 241. 

Parrot, 54, 78, 469. 

Pars anterior, 514, 
intermedia, 514, 515, 
nervosa, 515. 

Passeriformes, 54. 

Pasteau, 463. 

Pasteur, 5, 186. 

Patella, 625, 643. 

Pathology, 179, 190. 

Paunch, 314. 

Peacock, 252, 253. 
pEAni., 518. 

Pebbles, painted, 128. 

Pecari , 68, 70. 

Peccary, 68, 70. 

Pecten, 827. 

Pedicels, 529, 530. 

Peduncles, 692, 701. 

Peiping, 112, 128. 

Pelican, 54, 247, 415. 


Pelvis, female, 610, 
renal, 436. 

Penguin, 54, 214, 215, 247, 251, 622. 
Penis, 480, 488, 497, 
bone, 484, 
of ram, 483, 
of rodent, 484, 
of spiny anteater, 482. 
Pennsylvanian, 101. 

Pepsin, 316, 329, 333. 

Peptones, 329, 333. 

Perameles, 59, 484. 

Perea , 469. 

Perch, 33, 469, 
climbing, 392. 

Perching mechanism, 628. 

Pereidae, 421. 

Perenni bran chi ate, 37, 401. 
Pericardium, 174, 381. 
Perichondrium, 148. 

Periderm, 207. 

Perilymph, 367, 797, 801. 
Perineurium, 722. 

Periodi' ily in reproduction, 498. 
Periophthalmus , 391. 

Periosteum. 148, 641. 

Periotic, 594. 

Perissodactyl, 69, 72, 597, 630. 
Peristalsis, 278, 309, 313, 316, 478, 
741. 

Peritoneum, 175, 332, 436. 
Periwinkle, 86. 

Permian, 101. 

Perodicficus, 245. 

Peroynalhus, 63. 

Peromyscus , 63. 

Perrier, 24. 

Personality, 507. 

Pessulus, 428. 

Petaurus, 59. 

Petrels, 54. 

Petrifaction, 98. 

Petroyale , 59. 

Petromyzon, 25, 26, 210, 325, 396, 
397, 474, 533, 581, 685, 714, 789, 
802. 

Petrosal, 568, 575, 594. 

Peyer’s patches, 320, 321. 

Pfitzner, 624. 

Pfluger, 517. 

Phacochoerns , 68, 70, 303. 
Phagocytes, 189, 344. 

Phalanges, 602, 621, 623, 627, 632. 
Phallus, 484. 
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Phallusia , 209, 395. 
Pharyngo-branchials, 566, 580. 
Pharyngo-esophageal network, 392. 
Pharyngo-hyal, 575. 

Pharynx, 20, 306, 308, 407, 409, 731. 
Phascolurclos , 58. 

Pluiscnlomys , 59. 
Phenyl-thioearbamide, 784. 
Philology, 107. 

Phoca, 63. 

PhocAwna , 74, 75. 

Phoi idol us , 65. 

Phonoreceplors, 753, 790. 

Phoronis, 339. 

Photoreceptors, 754, 806. 
Photosynthesis, 598. 

Phototropic, 807. 

Phrenology, 710. 

Phry nosoma, 48, 235, 237, 365. 

Phyla, 15. 

Phyllomednsa , 41. 

Physeter, 75. 

Physiology, 179. 

Physoclisti, 403. 

Physostoini, 403. 

Pia mater, 544, 685, 686, 687. 
Pickerel, 33, 403. 

Pickles, 615, 643. 

Pictf.t, 102. 

Pier is. 85. 

Piersol, 320, 438, 673, 701, 704, 705, 
709, 711, 725, 835. 

Pig, 224, 225, 302, 491. 

Pigeon, 54, 249, 252, 318, 341, 416, 
469, 557, 
passenger, 93. 

Pile dwellings, 118. 

Pilocarpin, 745. 

Piltdown, 111, 116, 128, 129. 

Pinna, 56, 791. 

Pinnipedes, 61, 63, 468. 

Pipa, 40, 41, 42. 288, 402. 

Pipefish, 234, 294, 331, 404, 492. 
Pisces, 18, 27. 

Pisiform, 626. 

Pit, auditory, 794, 
nasal, 306, 707, 734, 
olfactory, 561, 776. 

Pithecanthropus , 113, 114, 115, 116, 
117, 129. 

Pituitary, 514. 

Pituitrin, 514. 

Placenta, 43, 60, 384, 493, 508. 
Plaeentals, 60. 


Plane, frontal. 6, 
mastication, 282, 
sagittal, 6, 
transverse, 6. 

Plantigrade. 600, 629, 630. 

Plants, carnivorous, 270. 

Plasma. 316. 367. 

Plastron. 556. 

Plate, 211, 217, 665, 758, 796, 829, 
835. 

Plate, aim, 702, 703, 
basal, 703, 
costal, 553, 
cribriform, 595, 734, 
dermal, 214. 
end, 661, 

cpiconicoidnl, 61 4, 
ethmoidal, 578, 
ischio-pubie, 605, 
medullary, 168, 672, 
muscle, 645, 
neural, 672, 
perpendicular, 595, 
roof, 702, 703, 
tarsal, 819, 820. 

Plat vbelininlhes, 1. 

Platvrhini, 301. 

% 

Plectrum, 796. 

Pleistocene, 97, 109, 112, 113, 119. 

Plesiosaur, 45, 526, 621. 

Plesfiodon , 48. 

Plefhodoji. 38, 39, 42. 

Pleura, 408, 419. 

Pleurocanlhns. 604. 

Pleurodont, 296. 297. 

PleuronectidHc, 403, 444, 468. 

Plexus, Auerbach’s, 670, 
brachial, 726, 727, 
cardiac, 743, 
cervical, 727, 
cervico-brachial, 728, 744, 
chorioid, 692, 693, 694, 696, 699, 
anterior, 703, 715, 717, 
posterior, 703, 715, 
third, 713, 
hypogastric, 743, 
lumbo-saoral, 727, 728, 744, 
pelvic, 727, 
solar, 743. 

Plica fimhriata, 783. 
semilunaris, 819, 820. 

Plicae circulares, 273. 

Plicidentine, 292. 

Plimy, 27. 
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Pliocene, 115, 116. 

Pliohippus, 07. 

Pliohylobalcs , 116. 

Pliop ilhecus , 116. 

Plover, 54. 

Plumage, 250. 

Poephayus , 71. 

Polarity, 161, 664. 

Polisfolremu , 26, 448. 

Pollen, 150, 478. 

Poly cant h us, 892. 

Polydaotylism, 625. 

Polyodon , 52, 283, 554. 

Polyocslriis, 500. 

Polypliyodont, 95. 

Polyphrus , 32, 33, 233. 275, 318, 401, 
' 403, 470, 554. 

Pomum \dami, 429. 

Pons, 688, 692, 700, 701, 704, 709, 715. 
Porcupine, 63, 64, 257, 656. 

Pore, a trial, 20, 24, 395, 474. 

Portia, abdominal, 474, 
femoral, 219, 
sweat, 206. 

Porocytes, 669. 

Porpoise, 74, 75. 

Porlhetria , 85. 

Poxtclaviole, 613. 

Posterior, 8. 

Postfrontal, 564, 576, 578, 584. 
Postorhital, 564. 

Postteinporal, 613. 

Postzygapopliysis, 530, 531. 

Pouches, branchial, 509, 
check, 283, 
gill, 394, 
marsupial, 610, 
llathkex, 515. 

Prairie dog, 63, 64. 

Pnvrr, 42. 835. 

Preeartilage, 148. 

Prochellean, 126, 128. 

Preeocial, 251. 

Prefrontals, 564, 576, 578, 588. 
Pregnancy, 343, 424, 490, 514, 518. 
Prehension, 280, 545, 623, 648. 
Prehistory, 106. 

Premaxillary. 564. 571, 575, 576, 57f 
584, 585, 588, 591, 596. 
Premolars 299. 

Prentiss, 419, 449, 670. 
Preopereular, 564, 576, 580. 584. 
Prepuce, 464, 483, 484, 488, 497. 
Presphenoid, 564, 575, 576, 577. 


Pressure, 88, 198, 753, 755, 
blood, 365. 

Prevomer, 576, 578, 579, 597. 

Prevost, 461. 

Prezygopophysis, 530, 531. 

Primates, 66, 90, 468, 597. 

Primrose, 628, 629. 

Prints, 98. 

Prionotns , 403. 

Prist is. 29, 304, 582. 

Pristiurus , 448. 

Proboseidca, 69, 72. 

Procavia , 73. 

Procellariiformes, 54. 

Process, acromion, 615, 
antcvorbital, 585, 
ciliary, 809, 812, 
coracoid, 616, 626, 
cpipubic, 605, 
iliac, 604, 605, 
ischiatic, 605, 
mastoid, 594, 793, 
odontoid, 538, 
preb.ibic, 605, 608, 
styloid, 567, 568, 573, 578, 595, 597, 
transverse, 530, 
uncinate, 553. 

Processus falciformis, 823, 827, 
urethrulis, 484, 
vaginalis, 467. 
verm iform is, 274, 275, 319. 

I Vo co el us, 534. 

Proeoraeoid, 555, 602, 603, 604, 614, 
626. 

Proctodaeum, 173, 276, 277. 

Procyon , 62, 63. 

Proechidna , 57. 

JVonation. 623, 624, 044, 653. 

Pronephridia, 447, 449. 

Pronephros, 446, 447, 448. 

Pronghorns, 70, 71, 239. 

Probtie, 576, 578, 584, 585, 586. 

Prophase, 136, 137, 465. 

Propliopithecns , 116. 

Proprioceptors, 753, 754, 831. 

Propterygium, 245, 612. 

1V c >p y l-m er ca p tail ,771. 

Proral, 298. 

Prosencephalon, 691, 692. 

Protease, 333. 

Protection, 194, 525, 533, 544. 

Proteins, 270, 329, 333. 

Proteoses, 329. 

Proterozoic, 101. 
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Proteus , 37, 341, 554, 606. 
Prothrombin, 347. 

Protochord ates, 18. 

Protocoled, 303. 

Protoconus, 302. 

Protohippus , 97. 

Protoneurons, 670. 

Protoplasm, 598. 

Prolopterus , 31,217,400,412,583, 717. 
Protolhcria, 57. 

Protozoa, 4, 97, 158, 279, 
pathogenic, 185. 

Protozoology. 186. 

Pro ventrical us, 311, 312. 

Psephurus , 32. 

Pseudaeris, 41. 

Pseudobranch, 397. 
Pseudohypertrichosis, 261. 
Pseudopods, 599. 

Psemhpus, 620. 

Pteranodon, 291, 537. 

Plerirlilhys , 231. 

Pterodactyl, 199, 213, 557. 

Pterodactyl us, 41, 621. 

Pteropods. 279. 

PI crop us, 61. 

Pterosaur, 92, 826. 

Pterotir, 576, 578. 

Pterygoid, 564, 571, 572, 575, 576, 
*579, 586, 592, 594, 596, 796. 
Pterygopalatine, 583, 585. 
Pterygoquadrute, 567, 570, 571, 573, 
579. 

Pterylae, 251. 

Ptyalin, 283, 329, 333. 

Pubis. 537, 602, 603, 605, 608, 610, 
611, 612, 626. 

Pulvinar, 730. 

Purnu, 4. 

Punctum fixuin, 641, 
mobile, 641. 

Pupil of eye, 811, 825, 826. 

Pus, 344. 

Pulorius , 62. 

Pykcraft, 428, 835. 

Pygopus, 620. 

Pylorus, 312, 313. 

Pyramids, 697, 

decussation of, 698, 

Malpighian, 436, 437 , 440. 

Python, 411, 535, 608, 615, 620. 

Quadrate. 571,573. 576, 579, 584, 585, 
595, 796. 


Quadratojugal, 576, 579, 796. 
Quail, 54. 

Qua i\, 722. 

Quar ternary, 101. 

Quartz, 121. 

Qukvnki.l, 121. 

Quieksands, 96. 


Itabhit. 58, 63, 275, 
egg, 163. 

Haul. 550. 
Raccoon, 62, 63. 
Itachianectcs , 75. 
Haius( n, 224. 
Radiale, 602. 626. 


318, 326, 311, 


Radialia, 245 , 601, 612, 618. 

I Indices aortae, 358. 
Radio-ulnar. 621. 

Radius, oOl, o()2, 621, 623, 626. 
Pain, 29. 

Hail, 51. 

Rakers, gill, 400. 
ltamiis commiinicaiis, 723, 
gray, 741, 7 42. 743, 
iiitergaiigliones, 7 43, 


traiis\ersalis, 713, 745, 
viscera li.s, 713, 
while, 741. 742. 

liana, 11, 219, 369, 427, 476, 537, 607 


* 


825. 

IWm>. 831. 

ftangifer , 70, 71. 238. 

Hanson, 697. 700, 739, 835. 

Hanmuh, 205, 759. 

H \ Pii ai:l, 511. 

Haphe, 281, 196, 497. 

Hat, 63, 211, 257. 

Hale of living, 267. 

Ual.itales, 53. 241, 616. 

Rattlesnake, 49, 587, 
rattle, 215, 246. 

H vuiu.n, 202, 610, 632, 723, 724, 780. 

Hays, 27, 

branchiostegal, 400, 
cortical, 438, 
elec tric. 659, 
fin. 618, 
horny. 612, 
medullary, 438. 

Hecept-or, 666, 748, 
olfactory, 773, 
sensory, 175, 
temperature 4 , 761. 

Recess, hypolyinpunic. 795. 
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Rectum, 276, 310, 331, 482, 
vascular. 392. 

Reed, 796. 

Reflex arc, 666. 

Reflexes, conditioned, 668. 

Region, cpimeric, 167, 
hypomeric, 167, , 
mesomeric, 167, 
olfactory, 774, 
respiratory, 774, 
saccular, 797, 
xestilmlar, 771. 

Reindeer, 70, 71, 78, 98, 110, 119, 
223, 238. 239. 

Relayer, 667. 

Rennin, 316, 333. 

Repression, 81, 86. 

Reproduction, 3, 200, 454, 
asexual, 158, 456, 
sexual, 138, 158, 456. 

Reptile, L8, 42, 
brain, 715, 718, 
claws, 240, 
cortex, 706, 
extinct, 43, 
flying, 47, 199, 
muscles, 649, 
occipital condyles, 577, 
pectoral girdle, 614, 
scales, 235, 
skull, 586, 587, 
tongue, 288, 
urinary ducts, 443, 
urine, 442. 

Research, 187. 

Respiration, 199, 389, 
of whales, 418. 

Response. 750. 

Rete mirabile, 405, 440, 
testis, 461, 166, 467, 476, 494. 

Reticulum, 314. 

Retina, 730, 809, 817, 823, 824, 830, 
inversion of, 815. 

Retinula, 808. 

Retzius, 263, 620. 

Reuter, 272. 

Rhabdomes, 808. 

Rhacophorus , 40, 41, 42. 

Rhea, 53, 602. 

Rheorceeptors, 753, 765, 767, 790. 

Rhinencephalon, 730. 

Rhinoceros, 71, 72, 237, 253, 468, 
woolly, 93, 109, 120. 

Rhinocoeles, 707, 717, 719. 


Rhinoderma , 40, 492. 

Rhinodon , 27. 

Rhizoslomites , 95. 

Rhodesia, 113. 

Rhombencephalon, 691. 

Rhopalonema , 787. 

Rhynchoeephulia, 45. 

Rhytina , 74. 

Ribless vertebrates, 551. 

Ribs, 545. 556, 

abdominal, 556, 610, 
of bird, 553, 
cranial. 583, 
dorsal, 551, 
extra, 550, 
false, 549, 
floating, 553, 559, 
gorilla, 550, 
haemal, 551, 552, 
human, 148, 
lumbar, 531, 
mammalian, 554, 
pleural. 551, 552, 
redu» tion of, 550, 
sacral, 539, 606, 
true, 549, 
of turtle, 553, 
ventral, 551. 

Riddle, 515. 

Ridge, geniLai, 463, 465, 
sublingual, 285, 

Wolffian, 463. 

Right-handedness, 641. 

Right whale, 75. 

Ring, ciliary, 811, 814, 
sclerotic, 826, 
tracheal, 597, 
tympanic, 594, 595. 

Ritter, 19, 20. 

Rockefeller Foimdation, 113. 

Rocks, sedentary, 99. 

Rodents, 60, 90, 224, 297, 467, 491. 

Rods, 134, 810, 812, 813. 

Romer, 835. 

Root, dorsal, 674, 723, 724, 725, 741, 
hairs, 268, 

ventral, 677, 723, 724, 725, 741. 

Rorqual, 75, 257. 

Rose, 302, 304. 

Rosenberg, 624. 

Rostrum, 304. 

Rotation, 629, 644, 653. 

Rotifers, 217, 279. 391. 

Rouget cells, 356. 
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Roule. 273, 276, 278, 435, 430, 477, 
478, 486, 562, 691, 835. 

ROUTLEDGE, 122. 

Rouvieke, 686, 694, 795, 819. 

Rubricapra, 71. 

Rugae, palatine, 284, 
vaginal, 486. 

Huge, 558. 

Rumen, 314. 

Ruminants, 69, 222, 224. 

Ruhkin, 49. 

Ruth eh ford, 106. 

Sabin. 367, 370. 

Sacculus, 731, 794, 796, 801, 804 

Saecus vasculosus, 704, 713, 714, 716. 

Sachs, 268. 

Sacrum, 539, 551, 611, 612. 

Sacs, alveolar, 407, 
auditory, 794, 
brood, 502, 
rloaeal, 392, 
gonadal, 474, 
lung, 419, 
lymph, 368, 
melamerie. 645, 
poison, 618, 
resonance, 427. 
scrotal, 467, 
vocal, 492. . 

Sagarlia , 86. 

Salamander. 37, 219, 287, 312, 600, 
body muscles, 469, 
lungless, 392. 

Salamandra, 39, 42, 287, 444, 447, 481. 

Salarnandrina , 411. 

Salientia, 36, 39. 

Saliva, 283, 329, 432. 

Salmo , 458, 474, 685, 823. 

Salmon. 33, 499, 504. 

Salmonidae, 294. 

Salpa, 21. 

Salts, 598, 
calcium, 789, 
chromic acid, 519, 
inorganic, 333, 
organic, 356, 
soil, 598. 

Salty, 783, 784. 

Sand-lance, 275, 318, 469. 

Sandpiper, 54. 

Sand storm, 96. 

Saprozoa, 269. 

Sarasin, P. & F., 37, 213, 402, 619. 


Sarcophilus , 58, 59. 

Sarcoplasm, 153. 

Sargent, 609. 

Saunders, 835. 

Sauna, 47. 

Sauropsidu, 572. 

Savili.e-Kent, 46. 

Sawfish, 29, 304. 

Sayi.es, 835. 

Sea la media, 798, 799, 800, 
tympani, 798, 799, 801, 
vestihuli, 798, 799, 801. 

Scales, 211, 231, 236, 
ctenoid, 231, 233, 234, 
cycloid, 231, 233. 234, 
ganoid, 231, 
mammalian, 236, 
plaeoid. 29, 231, 
reptilian, 235. 

Scalopus , 60, 295. 

Scalp, 257. 

Sc AMMON, 74. 

Sen pun ns, 60. 

Scaphinpns , 41. 

Sraphirhynchus , 32, 604, 605. 
Scaphoid'. 626. 

Scapula, 547, 555, 557, 602, 603, 604, 
613, 614, 615, 616. 

SceJoporus , 48. 

SC HAFF, 214. 

SciIKl JCH7.KH, 108. 

Schimkevvitsch, 166, 258, 274, 313, 
325, 397, 398, 409, 459, 570, 
594, 741, 772, 777, 835. 

ScH LEIDEN, 131. 

SCIIMEIL, 242. 600. 

Schmid, 60, 62, 63, 66, 69, 70, 72, 74, 
75, 835. 

Schneider, 208. 

ScHOETENSACK, 112. 

Sc.IUJCHKRT. 101. 

SciHJLTZK, 227, 487. 

Schumann, 690. 

Schwalbe, 79 L. 

Schwann, 131, 156. 

Sciaenidae, 407. 

Scientilic name, 17. 

Sciuropteriis , 63, 64. 

Sciurns , 63, 64. 

Sclater, 89. 

Sclera, 148, 202, 809, 830. 
Scleroblasts, 234. 

Sclerotic coat, 561, 810, 811. 
Sclerotics, 576, 578. 
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Sclerotomes, 541, 542. 

Scomber , 275, 318, 618. 

Scott, 557, 835. 

Scrotum, 464, 467, 482, 484, 496. 
ScyIlium, 461, 767, 772. 

Sea anemone, 86, 270, 669, 769, 
Imss, 47 L, 

cow. 73, 74, 226, 253, 303, 538, 



601, 

Steller’s, 74, 93, 
cucumber, 391, 
horse, 234, 294, 492, 717, 
lion, 63, 
robin. 403, 
urchin, 271. 

Seal, 63, 196, 312, 478, 500. 

Sehusloftrisl is, 28. 

Sebum, 222. 

Secondary sexual characters, 465, 504, 
507. 518. 

Secret in, pancreatic, 328. 

Secretion, 198 

Seeley, 44. 

Seeliceu, 21, 296. 


Segmentation, 171,277. 

Selcnodont, 300. 

Sella turcica, 513, 593. 

Semen, 489. 

Semilunar, 626. 

Semipluntigrude, 629. 

Sen i rinp i I h ecus , 311. 

Semoin, 56, 230, 447. 

Sense of well-being, 753. 

Sensibilator, 758. 

Sensoria, 750. 

Septum, in ter branchial, 397, 
intcrorhital. 585, 586, 588, 
interventricular, 375, 
nasal, 730, 775, 
pellucidum, 709, 
trniisx ersus, 171, 372, 418, 652. 

Serosa, 277, 278. 

Serpen tes, 47. 

Serranus, 741. 

Serrivomer, 28. 

Scrum albumin, 346. 

Sesamoid, 624. 

Sex, 455, 

determination of, 141, 496, 
differentiation of, 496, 
excitation of, 753. 

Sexual selection, 200, 503. 

Shurk, 29, 232, 295, 312. 313, 398, 
46J, 626, 725, 771, 772, 822. 


Sheath, 148, 
hair, 254, 

medullary, 156, 665, 
notochordal, 533, 
primary, 532, 

Schwann's, 665. 

Shedding tears, 659. 

Sheep, 71, 225, 239, 258, 302. 

Shell heaps, 117. 

SiiKiiui incitoin , 726, 753, 763. 

Smei.EY, 151, 268, 457, 581. 

Shipworm, 85. 

Shoulder, 626. 

Shrew, 60. 

Sit/dliori, 671. 

Sight, 752. 754. 

Silkworm, 84, 267. 

Silurian, 101. 

Siluroids, 231, 406. 

Silversides, 503. 

Simia, 66 , 67 . 

Sinanthropus, 113. 

Sinuses. 365, 
ethmoid, 778, 
frontal, 307, 596, 775, 
mastoidal, 596, 

sphenoidal, 307. 596, 775, 779, 
urogenital, 471. 482, 486, 

\ enosus, 362, 372, 373, 377, 383, 
386. 

Sinusoids, 521. 
iph os tom a, 101. 

Siren, 38, 294. 427, 619. 

Sirenia, 60, 73, 90, 223. 

Skates. 27, 29, 728. 

Skeleton, 175. 
locomotor. 597, 
as protection, 526, 
as support, 526. 

Skin, 35, 391, 
amphibian. 210, 
bird, 211, 
friction, 262, 
human, 200, 
embryonic, 207, 
imerlebratc, 207, 
mammalian, 215, 
pigment. 205, 
reptilian, 213, 
respiratory. 35, 
wrinkled, 201. 

Skink. 48. 

Skull, 559, 
bird, 588, 
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Skull, bones, 576, 
capacity, 690, 
codfish, 584, 
composite, 574, 575, 
cyclostome, 581, 
deformation of, 591, 
dipnoan, 583, 
dogfish, 286, 562, 565, 
dolphin, 594, 
elasmobraneh, 582, 
fetal, 568, 
frog, 586, 590, 
ganoid, 563, 564, 582, 
human, 569, 593, 
infant, 568, 590, 592, 
inner, 562. 

mammalian, 575, 579, 589, 
Neet.urus, 585, 
outer, 562, 
reptilian, 586, 587, 
stegocrphalinn, 583, 

Leleost, 584. 

Sleep, 663, 721. 

Sleeping sickness, 186. 

Slits, gill, 11, 23, 29, 393, 394. 

ScONAKER, 827. 

Slorson, 345. 

Sloths, 56, 65, 96, 97, 223, 242, 255, 
256, 538. 

Slow worm, 48. 

Smallpox, 181, 190. 

Smegma, 490. 

Smell, 198, 752, 754, 768. 

Smirdhopis . 58, 59. 

Smit, 44. 

Smith, (>. E., 109, 111, 

S. I., 86. 

Snake, 48, 50, 213, 235, 288, 298, 312, 
480, 

appendages, 601, 
embryo, 728, 
ovary, 170, 
penis, 482. 

Snodgrass, 756. 

Snout, 774. 

Sobotta, 538. 

Sole, 601, 627. 

SOLLAS, 106. 

Solutrean, 126, 128. 

Soma, 176, 177. 

Somalogenesis, 178. 

Somatoplasm, 454, 462. 

Somite, 168, 169. 

Somniosus, 29. 


Sorejr , 60. 

Sour, 783, 784. 

Spare, epidural, 686, 
of Fontana, 81 i, 
subarachnoidal, 686, 
subdural, 686, 687. 

Spaei.anzini, 759. 

Spalteiioez, 376, 530, 531, 549, 538, 
559, 775. 835. 


Sparrow, 54, 84. 

Speciit, 59, 61. 

Species, 15, 92, 
number of, 3, 
vanishing, 92. 

Speight, 62. 

Spemann, 176. 

Spencer, 4. 

Spkngel, 20. 

Sperm, 134. 110, 159, 160, 175, 
amoeboid, 161, 457, 
bat, 458, 
human, 158, 
nematode, 437, 
typical, 458, 
viability of, 458. 

Spermatid, 463, 466. 

Spermatocyte, 139. 

Spermatogenesis, 178, 435. 

Spermatogonium, 139, 456, 465. 

Spermophiles, 63. 

Sphaemidcs , 403. 

Spheniseiformes, 54. 

Sphenodon, 4, 42, 45, 235. 296, 305, 
414, 516, 533, 554, 556, 586, 607, 
621, 699, 718, 821, 825. 

Sphenoid, 564, 592. 

Sphenotic, 576, 578. 

Sphincter, 484, 
anal, 331, 
cloaeal, 444, 
colli. 437, 458, 
inarsupii, 657. 

Sphyrna , 822. 

Spiders, 217, 279, 391. 

Spines, 257, 

haemal, 481, 491, 
nemal, 530, 533. 

Spiracles, 308, 397, 399. 

Splanchiioeranium, 559, 565. 

Spleen, 318, 329. 369, 508, 522, 546. 

Splenial, 570, 376, 580. 

Sponges. 208, 270, 279, 315, 391. 

SjK)iigiobIasls, 677. 

Spurs, 246 
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Spurzeim, 710. 

Spy man, 569, 570. 

Squamata, 45, 46. 

Squamosal, 564, 568, 575, 576, 578, 
584, 594, 595, 796. 

Squetcague, 405, 406. 

Squirrel, 68, 64, 253, 283, 302, 

(lying, 59, 63, 64, 199. 

Stag, 480. 

Stage, adjustor, 670, 

independent effector, 669, 
receptor-effector, 669. 

Staiir, 782. 

Stalk, olfactory, 704, 707, 
optic, 693, 734, 818. 

Stapes, 567, 574, 578, 580, 794, 795, 
796, 801. 

Starches, 329, 333. 

Starfish, 271, 280, 391. 

Star-gazer, 660. 

Statocyst, 787. 

Statolith, 786. 

Slatoreceptor, 786. 

Steapsin, 328, 329, 333. 

Steatopagy, 486, 487. 

Stegooephals, 36, 212, 234, 542, 611. 
717. 

Stegomyia , 87. 

Stegosaurus, 44, 608, 675. 

Steinacit, 466. 517. 

Stejneger, 49. 

Stellkr, 74, 93. 

Stenodon, 114. 

Stent or, 769. 

Sterna , 294, 622. 

Sternebrae, 557. 

Sternoplyjr, 28. 

Sternum, 409, 547, 554, 556, 604, 616. 
Sterzi, 687. 

Stiasny, 19. 

Stickleback, 331, 461. 

Stiles, 710, 740, 748. 

Stilling, 683. 

Stimulator, 754, 757. 

Stimulus, 748, 
adequate, 749, 
chemical, 754, 
inadequate, 749, 
mechanical, 753, 
radiant, 754. 

Stink bugs, 217. 

Stirrup, 795. 

Stites, 534. 

Stour, 132, 149, 834. 


Stomach, 274, 310, 312, 333, 
hour-glass, 314, 
human, 312. 

Stomodacuin, 173, 276. 

Stone, 59, 62, 63, 64, 70, 73, 237, 238. 

Stonehenge, 121, 122. 

Stork, 54. 

Strahl, 381. 

Stratum corneum, 204, 243, 
granulosum, 204, 
lucidum, 243, 244. 

Stratz. 619. 

Streak, primitive, 169, 382. 

Streeter. 804. 

Struthio , 609. 

Sturgeon, 32, 294. 

Stylohyal, 584. 

Subcutaneous, 204. 

Submucosa. 277. 

Subopercular, 576, 580, 584. 

Subpliylum, 18. 

Substance, gray, 665, 678, 
tigroid, 665, 
white, 665, 674. 

Subunguis. 240, 211. 

Siicous entericus, 328. 

Suckers, 33. 

Sugars, 333, 
milk, 225. 

Sulci. 709. 

Sulcus limit ans, 702, 703, 
naso-labial, 773, 
of rib, 548, 549, 
terminalis, 289. 

Sullivan, 591. 

Surifish, 676. 

Supernumerary nipples. 228, 229. 

Supination, 623, 624, 644, 653. 

Support, 526, 533, 543. 

Supra-angular, 570, 576, 580. 

Supraclavicle, 613. 

Supraoceipital, 564, 568, 575, 576, 
577. 584, 592, 594. 

Supraorbital, 583. 

Suprarenals, 518, 520. 

Suprascapula, 555, 556, 604, 614. 

Surgery, antiseptic, 188. 

Sus, 70. 

Sutures, 528, 590, 
interlocking, 528, 
of Mendosa, 592, 
metopic, 593, 
sagittal. 593, 
squamosal, 528. 
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Swallows, 54. 

Swamps, 96. 

Swan, 54, 280, 409. 

Sweat, 197, 220. 

Sweet, 783, 784. 

Swelllish, 403. 

Swift, 48, 54. 

Swim bladder, 173, 317, 393, 402, 
789. 

Swine, 70, 225, 257. 

SWINGLE, 521. 

Symbionts, 269. 

Symington, 485. 

Symmetry, 7, 8. 

Sympathoblasts, 519. 

Symphysis isehiaticurn, 607, 609, 
pubis, 607, 609. 

Symplectie, 576, 580, 584. 

Synapse, 662. 

Synapsida, 45. 

Syndesis, 140. 

Syngjiathus, 234, 331, 492, 551. 

jS 'y not us, 61 . 

Syrinx, 428. 

Systems, 144, 

autonomic, 722, 740, 744, 
azygos, 366, 
blood, 333, 

bulbo-spinal, 680, 683, 
chromaHine, 520, 
ciliary, 391, 
closed blood, 11, 
cortico-spina1, 680, 682, 
digestive, 266, 
excretory, 432, 
haemal, 348, 
hepatic portal, 350, 363, 
involuntary, 722, 
lacteal, 333, 
lateral-line, 738, 
lymphatic, 348, 
nervous, 661, 
parasympathetic, 744, 
peripheral nervous, 721, 
portal, 361, 

renal portal, 350, 362, 363, 
respiratory, 387, 
spino-bulbar, 680, 

8pino-cerebellar, 680, 681, 
sympathetic, 724, 744, 
venous, 362. 

Swezy, 141. 

Szymonowicz, 145,156, 437, 466, 755, 
800, 835. 


Tahularc, 578. 

Tadpole, 272, 273. 

Taeniae coli, 331. 

Tail, cow’s, 257, 
of dog, 545, 
of lisli, 545, 
heterocereal, 29, 
of horse, 257, 545, 
human, 497, 
of monkey, 545, 
mov ernent. 545, 
postonal, 10, 23, 
respiratory, 391, 
swishing, (>56. 

Talons, 241. 

Talonus, 303. 

Talus, 626, 631, 632. 

Tanmndua . 61, 538. 

Tangoreceplors, 753, 755, 764. 

Tapetum lucidum, 822, 828. 

Tapeworm, 186, 316. 

Tapir, 71, 72, 79, 96. 115, 468, 
629. 

Tapirns , 71, 72. 

Tardenoisian, 127, 128. 

Tursale, 602, 627. 

Tarxnls, 620. 

Tars ins , 66. 

Tasmanian devil, 59. 

Taste, 198, 754, 768. 

Tax idea, 63. 

Taxonomy, 14. 

Taylok rilLT”), 675. 

Tears, 432, 820. 

Tectum synoticum, 585. 

Teeth, 153, 291, 

Australian, 305, 
attachment of, 296, 
canine, 298, 299, 
carnassial, 300, 
crown of, 29 J, 
development of, 293, 
differentiation of, 298, 
egg, 304, 

European, 305, 
hinged, 297, 

Indians, 305, 
milk, 296, 

Mongol’s, 305, 
movement of, 298, 
neck of, 291, 
negro’s, 305, 
number of, 294, 
pulp cavity of, 291, 
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Teeth, roots of, 291, 
situation of, 296, 
structure of, 292, 
succession of, 295, 
trend of, 305, 
unusual, 303, 
wisdom, 305. 

Telencephalon, 691, 692, 693, 702, 
704, 730. 

Tel costs, 27, 33, 
brain, 714, 
pills, 399, 400, 
ovaries, 470. 

Telocoele, 695, 705, 707, 709. 

Telophase, 136, 137, 138, 465. 

Temperature, 87, 184, 198, 337. 

Temporals, 578, 594, 597. 

Tendon of Achilles, 643. 

Tendons, 148, 641, 643. 

Tennyson, 499. 

Tenrec, 60. 

Tentacles, 391. 

Terata, 182. 

Teratology, 182. 

Terebraluia , 92. 

Teredo, 85. 

Termites, 461. 

Tern, 54, 294, 622. 

Terra pene, 46. 

Terrapin, 16. 

Tertiary, 101, 115. 

Testis, 463, 465, 467, 488, 497, 
descent of, 467. 

Tcsludu, 46. 

Tkktut, 430, 640, 801. 

Tetanus, 185. 

Tetrao , 220. 

Tefraodon , 28. 

Tetraonidae, 241. 

TlVACKKIlYY, 690. 

Tiiauani, 294. 

Thalamus, 693. 702, 703, 735, 
optic, 703, 710. 

Thalassochelys , 46. 

Tharnnophiis, 50. 

ThaJassarckts , 67. 

Thecodont, 296, 297. 

Thenar, 262, 263. 

Theory, cell, 131, 
concrescence, 302, 
differentiation, 302, 
neuron, 662. 

Thermoreceptors, 760. 

Theromorphs, 526. 


Thigh, 626. 

Thinopus, 34. 

Thirst, 267, 753, 754. . 

Thom, 34. 

Thomas, 224. 

'Thomsen, 117. 

Thomson, 49. 

Thoracic basket, 545, 549. 

Thorax, 6. 

Thorwaldskn, 85. 

Thrombin, 347. 

Thrombocytes, 345. 

Thrombus, 345. 

Thrush, 54. 

Thumb, opposable, 628. 

Thylacirius , 58. 

Tltylacomys , 58. 

Thymus, 329, 508, 510, 511, 512. 
Thy one, 339. 

Thyreohyal. 575. 

'Thyroid, 508, 509, 510. 

Thyroxin, 510. 

Tibia, 60!, 602, 626. 

Tibiale, 602, 626. 

Tikdemxn, 826. 

Tiger, 4, 

saber-toothed, 93, 96. 

Tillaijx, 595. 

Tii.nf.y, 511. 

Time scales, 129. 

Tinamiformes, 51. 

Tin an toil , 54, 483. 

Tissues, adipose, 146, 147, 
bone, 115, 
cartilage 4 , 148, 
connective, 146, 
correlation, 700, 
endocrine*, 518, 
epithelial, 145, 
erectile, 482, 
fluid, 367, 

gelatinous, 146, 147, 
glandular, 146. 
muselc, 153, 639, 
ne>te>e'horeial, 542, 
relie*ilar, 146, 147, 
supporting, 148. 

Titanichthys , 713. 

Toad, 40, 41, 173, 219, 294, 312. 
471, 

horne'd, 48, 365. 
spadefoot, 41. 

Toadfish, 401, 405. 

Toes, 627. 
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Tocdt, 495. 

Toly pentes , 65. 

Tongue, 286, 307, 731, 
cyelostoine, 286, 
glandular Held of, 287, 
human, 290, 291, 
primary, 286, 287, 
prot.rusiblo, 288, 756, 
secondary, 287, 288, 
wood perk er, 289. 

Tbngue-lied, 285. 

Tonsils, 309, 
intestinal, 321, 
lingual, 309, 
pula tine, 309, 
pharyngeal, 309. 

Tonus, 638, 753, 754. 

Tools, 123. 

Tori, 262, 263. 

Torpedo , 27, 418, 716, 767. 

Torpedo, 659, 
eggs, 461. 

Tortoise. 46, 482. 

Toucan, 79, 251. 

Touch, 198, 752, 753. 

Tow mi, 405, 406. 

Toxins, 186. 

TrniM'culuo, 500. 561, 581. 

Trachea, 306, 307. 108, 409, 410, 419, 
546, 547, 74.1. 

Tracheae, 199. 

Tracheal rings, 429, 
tubes, 390. 

Trucks, 99. 

Tracis, unlerior direct pyramidal, 
680, 682, 685, 

antero-lntcral spino-eerebellar, 681, 
ascending sensory, 680, 681, 
conduction. 700, 
cortico-spinal, 698, 
descending motor, 680, 682, 
liber, 678, 

lateral crossed pyramidal, 680, 682, 
685, 

nerve, 722. 729, 
olfactory, 560, 561. 
postcro-laleral spino-eerebellar, 681. 

Tracy, 403, 404, 405. 

Tradition, 105. 

Tragulus, 69, 71, 257, 341. 

Tragus, 791, 792. 

Trails, 99. 

Transmitter, motor, 666, 
sensory, 666. 


Transverse, 572, 
plane. 8, 9, 
septum, 324. 

Trapezium, 627. 

Trapezoid. 627. 

Tr aqua ia, 231. 

Tiikmiu.ay, 599. 

Ti\i:tj\ivoi r, 756. 

Tutors, 187. 

Triassic, 101. 

Trireratops , 44, 236. 

Trichccfms , 73, 74, 319, 538. 554. 
Tric/iobatrachus, 391, 392. 

Trichoijosifer , 392. 

Tricodon, 301. 

Trigonidae, 159. 

Trigonodont, 303. 

Trililhs, 101. 

Trilobites, 92, 101. 

Trionyx . 291. 

Triquetrum. 626. 

Triton, 39, 166, 287, 101, 414, 471, 
476, 481, 501 
Tritubercular, 302. 

Trdurus , 38, 39, 181, 765. 
Troplivtoderm, 161, 165. 
Trophoblasl, 170. 
t rout, 33. 

Trowriudck, 104. 

Tiuuo, 74. 

Truncus, 372, 373, 383. 

Trunk, elephant's, 280, 774. 

Trntta, 458. 

'Trigonidae, 459. 

Trypsin, 327, 328, 329. 331. 
Trvpsinogen, 329. 

Tube. digestive, 170, 172, 173, 171, 
268, 271, 529. 

Eustachian. 308. 309, 402, 580, 779, 
793, 791, 796, 801, 

Fallopian. 476, 178, 485, 190, 494, 
medullary, 677, 684, 
nephridiul. 131, 416, 
neural, 529, 
liaclieal, 390. 

Tuber cincmiin, 701. 
r Tubercl»‘, genital, 496, 
of rib, 548, 549, 552. 

Tubci miosis, 185. 

Tubcrculurn impar. 289, 290. 
Tubules, collecting, 437, 138, 
convoluted, 437, 138, 439, 
mesonephric. 419, 450, 
seminiferous, 460. 
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Tubuli contorti, 466, 476, 
recti, 466, 476. 

Tumors, 182. 

Tumuli, 123. 

Tunica adventitia, 332, 
albuginea, 466, 471, 
fibrosa, 436, 464, 
intima, 352, 
media, 352, 372, 
vaginalis, 457, 
vaseulosa, 466. 

Tunicates, 19, 20, 209, 279, 394, 508. 
Tunicin, 209. 

Turacus , 252. 

Turbellaria, 807. 

Turbinals, 409, 578. 595. 

Tunc. i<:n iioff, 690. 

Turkey, 54, 220. 

Turtle, 46, 235, 275, 279, 288, 305, 
341, 470, 482, 483, 615. 

Tusks, 301, 303. 

Twain, Mahk, 186, 265. 

Tyleh, 118. 

Tympanic, 568, 575, 578. 

Tympanum, 580, 793. 

Type study, 14. 

Typhlornolge , 38. 

Typhlosole, 317, 372, 373. 

Typhoid, 185, 338. 

Typhus, 181. 

Uebergangsteil, 514. 

Ulna, 601, 602, 621, 623, 626. 

IJlnure, 602, 626. 

Ultimobranchials, 509, 511, 512, 513. 
Umbilicus, 496. 

Umbraculuni, 829. 

Unciform, 627. 

Unguis, 240, 241. 

Ungulates, 60, 90, 298, 468, 491. 
Unguligradc, 600, 629. 

Unio , 83. 

Urachus, 444, 486. 

Urea, 329. 

Ureter, 436, 439, 442, 445, 452, 453, 
476, 482, 486, 488. 

Urethra, 439, 443, 415, 464, 486, 744. 
Urinary bladder, 275, 318, 
units, 438, 
vesicle, 452. 

Urine, 433, 441, 

specific gravity of, 442. 
Uroehordates, 18, 21. 

Urodelcs, 37. 


Urogenital apparatus, 435, 477, 478, 
486, 488, 

openings, 496, 497, 
sinus, 488. 

Urostyle, 536, 537. 

Ursus , 63, 300. 

Uterus, 452, 476, 486, 490, 491, 494, 
497, 

masculinus, 464, 494. 

Utriculus, 731, 794, 801. 

Uvula, 284. 

Vaccines, 190. 

Vacuole, contractile, 391, 433. 

Vagina, 452, 476, 480, 485, 491, 
494. 

Valves, 353, 
anal, 331, 

auriculo-yentricular, 377, 
bicuspid, 377, ’ 
branchiostegal, 421, 

Heisterian, 323, 
labial, 421, 
mandibular, 420, 
maxillary, 420, 
mitral, 377, 
nostril, 423, 
pyloric, 313, 
rectal, 331, 332, 
semilunar, 378, 
sinu-auricular, 378, 
spiral, 29, 33, 273, 317, 
tricuspid, 377, 
of veins, 353. 

Vampire bat, 61, 312, 315. 

Vane, 247, 248. 

Varamis, 48. 

Variable modifiable actions, 720. 

Variation, 178. 

Vasa vasoruin, 366. 

Vas deferens, 476. 

Vasodentine, 292. 

Veddahs, 124. 

Veins, 349, 352, 
abdominal, 362, 364, 
allantoic, 383, 384, 
anterior cardinal, 361, 362, 383, 
385, 545, 
ciliary, 811, 
azygos, 366, 424, 
of birds, 365, 
brachiocephalic, 362, 
cardiac, 366, 

caudal, 362, 365, 384, 531, 
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Veins, coccygeal, 365, 
cutaneous, 363, 364, 
epigastric, 365, 366, 
femoral, 362, 364, 365, 
hemiazygos, 366, 

hepatic, 324, 351, 362, 373, 385, 

386, 

iliac, 362, 365, 
innominate, 366, 
intercostal, 364, 
intersegmental, 364, 
ischiatic, 365, 

jugular, 361, 362, 364, 365, 383, 

384, 546, 
lateral, 362, 
lumbar, 551, 
mammalian, 365, 
oblique, 365, 

omphalomesenteric, 363, 384, 
orbital, 365, 
pelvic, 362, 
portal, 324, 

postcardinal, 169, 362, 383, 384, 

385, 450, 

post cava, 351, 362, 363, 364, 365, 

precava, 365, 366, 

pulmonary, 362, 364, 373, 

renal, 436, 

renal portal, 362, 

sciatic, 362, 364, 

subcardinal, 366, 

subclavian, 361, 362, 365, 

subintest.inal, 361, 362, 384, 

supraeardinal, 366, 

umbilical, 366, 384, 385, 

vertebral, 364, 

vitelline, 362, 363, 372, 383, 

vorticose, 811. 

Velum, 422, 423, 587, 699, 
interpositum, 692, 696, 702, 703, 
medullary, 730, 
transvorsum, 516. 

Vena cava, 378, 383, 424. 

Ventilation, nasal, 776. 

Ventral, 8. 

Ventricle, 359, 372, 373, 
fifth, 709, 
first, 695, 
fourth, 695, 
left, 351, 375, 378, 
right, 351, 375, 378, 
second, 695, 
third, 695, 704. 

Ventriculus laryngis, 430, 


Venules, 349. 

Venus de Medici, 198. 

Vermiform appendix, 275. 

Veriuis, 700, 719, 720. 

Veriuix, 86. 

Versluyk, 834. 

Vertebrae, 529, 
acoelus, 535, 
amphicoelus, 534, 
ball and socket, 534, 
caudal, 536, 539, 540, 
cervical, 56, 537, 539, 540, 542, 
cranial, 575, 
evolution of. 531, 
heterococlus, 535, 
human, 540, 
lumbar, 537, 539, 540, 
opisthocoelus, 534, 
procoelus, 534, 
prominens, 538, 539, 
sacral, 536, 537, 539, 540, 
thoracic, 537, 539, 540, 545, 551, 
trunk, 536, 540. 

Vertebrates, 18. 

Vesica bieornis, 443, 
duplex, 443, 
simplex, 443. 

Vesicles, optic, 817, 
otic;, 792, 

of Savi, 765, 766, 767, 
seminal, 464, 477, 487, 488, 
urinury, 452. 

Vestibule, of genitalia, 485, 486, 
of nose, 779. 

Vibrations, 801, 802. 

Vibrissae, 253, 254, 755. 

Vierrodt, 341. 

Villi, 273, 320, 
of chorion, 382. 

Vu.LIGKH, 705. 

da Vinci, 641. 

Vipera , 304. 

Vireo, 54, 808. 

Visual purple, 830. 

Vitamins, 333, 521. 

Vitelline* circulation, 172, 
membrane, 459. 

Viverra , 62, 63, 611. 

Viviparous, 479, 

Vivisection, 187. 

Vogt, 59, 61. 

Voice, 425, 426. 

Vole, 63. 

Volvox, 786. 
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Vomer, 572, 575, 576, 584, 586, 595, 
597, 

median, 759. 

Vortices, hair, 255. 

Vulpes , 62, 63. 

Vulture, 54. 

Vulva, 485. 

Waddington, 160, 835. 

Walcott, 95, 102. 

Waldeyer, 160, 205. 

Wallaby, 59. 

Wallace, 89, 90, 91. 

Waller, 679. 

Walrus, 63, 303, 478, 500. 

Walter, 176, 230, 835. 

Ward, 3, 15. 

Warm-bloodedness, 55, 196, 337. 
Wart hog, 68, 70. 

Water, 337, 
dispersal, 83, 
moccasin, 49. 

Watson, 813. 

Watts, 271. 

Weapons, 123. 

Weasel, 63, 257. 

Weber, 224, 297, 491, 553, 575, 629, 
647. 774, 835. 

Weeds, 85. 

Weisimann, 456. 462. 

Wentworth, 20<>, 263, 264. 

Whale, 90, 196, 224, 226, 246, 253, 
294, 297, 319, 431, 467, 601. 
Whalebone, 75, 216. 

Whip-poor-will, 53, 249. 

Whirlpool, ciliary, 279, 
divergent, 255, 
of life, 266. 

WhiteH-sh, 294. . 

Whitmarsh, 247, 250, 307. 

Whorl, 263, 264. 

Wiedersheim, 25, 40, 223, 274, 277, 
284, 296, 305, 306, 314, 319, 369, 
391, 427, 450, 495, 520, 537, 547, 
555, 556, 589, 594, 604, 605, 606, 
611, 614, 619, 620, 633, 662, 687, 
727, 757, 776, 797, 820, 835. 

VAN WI .THE, 170. 

Wilde, 123. 

Wilder, 206, 216, 263, 264, 555, 560, 
561, 585, 646, 835. 

WlLLISTON, 45. J 
Wilson, 835. tir* 
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Wind, 83. 

Wishbone, 615. 

Witkowski, 547. 

Wolf, 58, 62, 63, 96. 

Wombat, 59, 483. 

Wood, 835. 

Woodchuck, 59, 63. 

Woodpecker, 54, 93, 289. 

Wool, 257. 

Worm, 271, 600, 
nematode, 457, 463, 
palolo, 499. 

“Wound man,” 185. 

Wren, 54. 

Wrigiit, 346. 

Wrinkles, 201. 

Wrist, 601, 

bones, 624, 626, 629. 

Xanthin, 32P- 
X-chromosome, 142. 

Xenopm, 41, 240, 288, 391, 392, 402, 
606. 

Xiphisternum, 555. 

X-rays, 316. 

Yak, 71. 

Y-chromosome, 142. 

Yellow fever, 181, 189. 

Yerkek, 835. 

Yolk, 173, 384, 458, 459, 
sac, 43, 169, 170, 171, 172, 324, 382, 
stalk, 172. 

Zalophiis , 63. 

Zapus , 63. 

Zebra, 72. 

Zeuytodon , 299. 

Ziegler, 673, 818. 

Ziplms , 430. 

Ziska, 205. 

Zona granulosa, 518, 
pcllucidu, 160. 

Zone, cortical of kidney, 436, 437,438, 
degressive, 278, 317, 
egressive, 279, 330, 
ingressive, 278, 279, 
medullary of kidney, 436, 437, 438, 
progressive, 278, 306. 
ZlJCKERKANDL, 519. 

Zygapophyses, 531. 

Zygomatic arch, 579, 596. 

Zygote, 141, 158, 456. 








